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MALARIA IN OASES OF EASTERN SAUDI ARABIA! 
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Malaria has long been recognized as a primary 
health hazard in many Saudi Arabian commun- 
ities. It is of particular importance throughout 
the Arabian peninsula wherever special concen 
trations of population are found in and around 
oases. These oases with their springs, wells, and 
often offer ideal 
breeding places for vector anophelines. The re- 


associated irrigation schemes 
sultant close overlap of host and veetor popu 
lations, plus favorable climatic conditions, may 
lead to sharply localized but intense malaria 
transmission. 

Nowhere is this potential malaria hazard more 
apparent than in the 
Arabia. Here, 


housing, topography, 


oases of eastern Saudi 


climate, economic conditions, 
agriculture, irrigation prac 
tices, anopheline fauna, and educational level of 
the population all contribute to 
this 


real 


a very high 
endemic potential for important disease. 
Thus threat to 


economic development and industrial progress in 


malaria is a very future 


the Eastern Province of Saudi Arabia. In order 
and agriculture to 
other 
problems must be controlled. 

It is 
malaria control must be based on a careful study 
disease. No 


scientific study of oasis malaria has previously 


for industry progress most 


effectively, malaria and major disease 


axiomatic that any realistic plans for 


of the local epidemiology of the 


been reported for eastern or central Saudi Arabia 
even though the disease has been recognized for 
centuries as a major public health problem in 
“Gulf 


fever” are frequent in the accounts of early trav 


this area. References to “oasis fever’ and 


elers, explorers, geographe rs and other observers 


PART I 


The E: 


province of some authors) 


istern Province of Saudi Arabia (al-Hasa 
includes that part of 


Contribution from the | Jepartment of Tropical 
Publie Health, Harvard School of Public Health. 
This paper represents part of a thesis submitted 
as a requirement for the degree of Doctor of Publie 
Health, Harvard University 


ECOLOGY OF 


who have visited the area (Buxton, 1944). Scat- 
tered notes on malaria occur in more recent re- 
ports of health conditions in the Persian Gulf 
region as a whole. But the local epidemiology of 
the disease in these oases has not been studied pre- 
viously, and no earlier attempts at control have 
been made. 

The present study was initiated indirectly by 
the interest of the late King, Abdul-Aziz Ibn 
Abdul-Rahman Ibn Al-Saud. With the 
early development of the Saudi Arabian oil fields 


Faisal 


and introduction of modern technology came a 
desire for improvement in general health and 
medical care. The King, having recognized the 
importance of malaria as a basic health problem 
in the region, requested the assistance of the 
Arabian American Oil Company in making sur- 
veys and developing plans for control of the 
disease. 

As a result of this interest, the present study 
was begun by the writer in the summer of 1947. 
[It is based primarily on surveys and observations 
in the Qatif and al-Hasa oases on the Persian 
Gulf coast. Additional information was gathered 
from briefer surveys in the interior at Yabrin and 
in the al-Kharj district just south of Riyadh. 
The present report summarizes 11 vears of local 
study and experience in malaria survey and con- 
trol with the hope of presenting a sound basis for 
a more intensive attack on the malaria problem 
in the future. Ultimately, it is hoped, malaria 
eradication can be achieved in these two oases of 
the Eastern Province if both individual citizens 
as well as communities cooperate in a joint, in 
telligent attack on the problem. 


THE STUDY AREA 


the Kingdom located along the Persian Gulf be 


tween Kuwait and Trucial Oman, excepting the 


thumb-like Qatar peninsula (Fig. 1). To the in 
terior, the Eastern Province is separated from the 
Najd by a great belt of active sand dunes known 
as the Dahna. To the south of the province lies 
the famous Rub’ al-Khali or Empty Quarter. 





RICHARD H. DAGGY 





SHaAvAs 


7 


| Cultivoted Areas 


RAS TANURA 


oS 


SANABIS 


TARUT 
1SLAN 


“AL JAR 


: 


ANIK 
A 
\\ 
HAT 


< 


\ 








PERSIAN 


GULF 


AL-KHOBAR | 


RAwly 
HAHRAN <a 8 
AIRFIELC THUQBAH 

t 

I 

t 

{ 





\ 











4 
a 


~ 
= 


- 
7 BRAIN AL-SAIH 
/ 

4 





Fic. 1. Eastern Saudi Arabia 
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Within this general region the topography is 
usually low and flat along the coast. Further in 
land are low rolling sand ridges with scanty 
shrubs and other sparse xerophytic vegetation. 
Interspersed are occasional escarpments of flat, 
rocky terrain with isolated buttes and mesas. 
Areas of gravel plains and actively drifting sand 
complete the general picture. No part of this 
coastal region is more than a few hundred feet 
above sea level, but the elevation of the country 
as a whole gradually increase towards the interior. 

Malaria is strictly confined to the irrigated 
oasis areas in this typical desert environment. 
The two most important oasis areas are the al- 
Hasa oasis at Hofuf about 40 miles inland from 
the Gulf and the Qatif oasis about 15 miles north 
of Dhahran (Fig. 1). With minor exceptions, these 
two oases present similar problems from the 
malaria standpoint. Here oasis malaria is charac- 
terized by its sharp delimitation to island-like 
cultivated areas in a sea of sand (Figs. 1 and 2). 
The oasis population is concentrated in one or 
two main centers and the remainder in scattered 
small villages surrounded by irrigated date palm 
Within this area are 


the breeding places of the anopheline vectors; 


groves. also concentrated 


primarily Anopheles stephensi. Hence, man, mos- 
quito, and parasite are all closely confined to the 
cultivated areas; and here malaria is hyper- 
defined 


,edouins or other travelers 


endemic. A few miles from the well 
borders of these oases, 
are relatively safe from the disease. 

(American Oil Com- 


pany (Aramco) communities, Dhahran, Abqaiq 


The three main Arabian 
and Ras Tanura, are too distant from mosquito 
breeding places to be included within the effective 
flight range of local anophelines. Hence, Aramco’s 
malaria problem is almost wholly confined to its 
Saudi Arab employees who live in, or commute 
to and from, these oasis areas. The great majority 
of the present 13,000 Saudi Arab 


ployees are townsmen, less than 3,000 are 


\ramco em- 
Sed- 
ouins. A large proportion of these townsmen have 
their homes and families in the oases we have 
just described, and many of the Bedouin em- 
ployees are bringing their families into satellite 
communities nearby. 


PROVINCIAL POPULATION 


No census has ever been taken in the Eastern 
Province, hence the total population is unknown. 


tough estimates of the provincial population are 


given in Table 1, but it must be emphasized that 
these are crude figures. Data from Vidal (1955) 
are given for al-Hasa. Estimates for the coastal 
area are derived from a variety of sources includ- 
ing aerial photographs, number of houses sprayed 
in 1955, and personal estimates by various indi- 


viduals. As can be seen in Table 1, the majority 


of the population is settled in towns or villages 
and only about one-seventh are nomadic Bed- 
ouins. The great bulk of this settled population 
(310,000) lives in or near the two main oases and 
hence is subjected to a greater or lesser degree to 
The intensity of malarial 
attack in the population is directly proportional 


malarial infection. 
to its nearness to irrigated agricultural areas 
which provide the breeding places for vector 
anophelines. 


QATIF OASIS 


The Qatif oasis proper occupies a rather solid 
core of 10,000 acres arranged in a rectangular 
strip about 8 miles long and 3 miles wide. Its long 
axis parallels the seacoast, its pivot point being 
the city of Qatif. About 7,000 acres in this cen 
tral core are devoted dates: 


to cultivation of 
other acreage is in general garden cultivation, 
some in village sites, and the remainder in sandy 
wasteland. Smaller 
oasis plots exist along the 60-mile coastal strip 
from al-Khobar and Dammam on the south to 
Safwa, al-Sahik, al-’Aba, Sha’ab, and 
Jubail to the north. Additional oasis areas are 
also found at al-Ajam immediately to the west 
and on Tarut Island to the east. 


or water-logged scattered 


Umm 


For purposes of this report, all of the above 
cultivated areas are related malariologically and 
will be included in our broader definition of the 
“Qatif” oasis. Some 30 towns and villages are 
found in this coastal area with a total population 
of about 150,000. As in the al-Hasa oasis, the 
more numerous smaller villages are primarily 
agricultural communities with some fishing and 
pearling in the case of those located directly on 
the sea. Al-Khobar, Dammam, and Jubail are 
important coastal trading centers, lie outside the 
dense palm belt, and hence are less malarious. 
Qatif, the largest city in the oasis proper, is an 
ancient trading center and is located almost at 
the center of the garden area (Fig. 3). 


aL-HaAsa Oasis 


The oasis of al-Hasa is famous throughout the 
country as the largest single oasis in the entire 
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Fig. 2. The oasis of al-Hasa 
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TABLE 1 


Eastern Province population estimates 


Bedouin (nomad) population 
Settled population 
Eastern Province total 
I. CoasTaAL SETTLED POPULATION 
1. Trading cente 
Dammam 
al Khobar 
Jubail 
B.A 
Dhahran 
Abqaiq 
Ras Tanura 
Thuqbah 
al "Aqrabiy ih 
Qatif Oasis 
Qatif 


Salwa 


ramco communities & satellites 


Saihat 

Umm al-Sahik and adjoining settlements 

Tarut 

al--Awwamival 

al Qudath 

Sanabis 

Darin 

*Anik 

al Jishsh 

al-Jarudivah 

al-Khuwailidivah 

al-Ajam 

Other smaller villages 

Il. INTERIOR SETTLED PoPpuULATION 

a 
Hofuf 
al-Mubarraz 
B. Ga 

al-Taraf 
al-’Umran 
il-Jishshah 
al-Qarah 
al Fudhul 
al-Battalival 
al-Jafr 
al Muhtaragah 
Other smaller 


\L-HASA OAsIsS 


ading 


cente 


den age 


il-Shimaliva 


villages 


\rabian peninsula. Together with the Qatif oasis, 
it forms the most important agricultural area in 
the Kingdom. Al-Hasa is located about 100 miles 
Dhahran 1) 
from the Persian Gulf port of al-’Uqair. The oasis 


south and about miles inland 


is roughly L-shaped, about 15 miles in length on 


the long axis and 10 miles on the shorter axis, 


50,000 
310,000 


360 , 000 


150,000 
55,000 


35,000 


60,000 


me oe oe ON 


160,000 


60,000 
28 000 


72,000 


and includes an estimated 30,000 acres under 


cultivation, 
available, the 
total population of the oasis is estimated by Vidal 
(1955) at 160,000. 


Although no census figures are 


From this he calculates an 


average population density of 2,300 per square 
mile. Hofuf, the largest city, is rated at about 
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Fic. 4. Stephensi pond with adjacent village (Qatif oasis 
Photo by Di DP Seal 





OASIS MALARIA 


Fic. 5. Types of oasis 


60,000; al-Mubarraz at 28,000. The remainder of 
the population (72,000) is distributed among 52 


villages and = smaller settlements scattered 


throughout the oasis. These are primarily agri 
cultural communities, varying in size from larger 
3,700 to small hamlets. Malaria, as 


might be expected, is an important problem in 


villages of 


those smaller agricultural communities in close 
contact with irrigated areas and is less intense in 
the larger trading centers of Hofuf and al-Mubar 
raz (Fig. 4). 


HousING 


The better houses (Fig 
often 


5) in the villages are 
built. of 


marine conglomerate. 


two-storied buildings limestone 
rubble, mud brick, or a 
Some have a mud finish, others are plastered with 
gypsum cement (‘‘juss’’). Ceilings are generally 
high, of black painted mangrove, palm, or ith] 
rafters overlaid with fine matting and mud. In 
the al-Hasa villages, mud brick predominates. In 
the Qatif oasis, the adobe is largely replaced with 
a local marine conglomerate readily available 
from the sea. 

“Barastis” (Fig. 6) are commonly used as 
dwellings by the poorer families. These are usu 
ally simple huts made of a pole and palm trunk 
framework covered with palm-thatch and usually 
without windows. All degrees of variation from 
the simplest barasti to the larger masonry houses 
may be found in the villages. In the larger towns, 


modern homes and apartment buildings may be 


housing 


Ae See 


masonry construction 


found equipped with all utilities, even including 
unit air conditioners. 


\GRICULTURE 
Dates are of first importance as a crop in both 


Alfalfa cultivated in 
quantities. Other fruits include figs, pomegran 


oases. and rice are also 
ates, bananas, peaches, apricots, citrons, limes, 
grapes, and papaya. Eggplant, okra, tomatoes, 
melons, cucumbers, onions, cabbage and a few 
others are grown as vegetable crops. Cereals such 
as sorghum, millet, barley, and wheat are found 
in addition to rice. 

Livestock of the area comprises donkeys, some 
cattle, goats, and poultry. Sheep and camels are 
kept by the Bedouin in the nearby desert areas 
but are not common in the oasis proper. 


IRRIGATION PRACTICES 


In general, irrigation practices and water man 
agement problems are the same in both oases. 
\l-Hasa is supplied with irrigation water by some 
50 to 60 springs with an estimated total discharge 
of 150,000 gallons per minute. Four of these al 
Hasa springs are very large, their individual flows 
estimated at 20,000 gallons per minute. More 
recently, a few drilled artesian wells have been 
added; but the main al-Hasa irrigation sources 
are the natural, flowing springs. 

In both oases, water from these sources flows 
in guided channels following the natural slope of 


the terrain. The larger gardens, consisting pri- 
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OUSIS 


by this 
Smaller plots devoted to production 


f dates and irrigated 
flow 


and 


rice, are 


lta vegetables mav be irrigated by 


lifting water onto the donkevs or by 


plots by 
various mechanical devices from the major irri 
gation channels 


In most ditches needed to 
draw off surplus irrigation water; and this water, 


concent! ited 


, dramage are 


CASES 
drainage canals, may bi 
it lower levels. Ultimately, the excess 
the desert, accumulates the 
salt flats) surrounding the palm belts, 
to the ol most Qati 


larger 


ih 
Used again 


runs off into on 
“sabkhas” 
or runs sea as in the case 
dramage 


These 


tremen 


thus 


omplex network of irrigation channels 


irrigation systems orm an ex 


und drainage ditches. The frequency of irrigation 


ind length of time of flow varv with season, siz 


of garden, and distance necessary for water trans 


portation. Complex schedules of irrigation are 


often in force, and the involved water rights of 
rious property owners make general control of 
irrigation waters difficult 
Phe not efficient from the 
point of view of modern agricultural engineering 
Phere 


ire improperly constructed so that large amounts 


In 


present systems are 
miles of unnecessary ditches, and many 


ol water are lost through seepage or over flow 


H. 


housing 


DAGGY 


barasti compound 


the wells are much 


these 


Qatif oasis, drilled artesian 


more frequent. In many instances, wells 


have not been properly cased and are not fitted 


with control valves. The ceaseless flow from un 
controlled wells and leakage of water from those 
add to the al 


complex water problem in the low-lving 


improperly constructed merely 
ready 
Qatil area 

\s a result of the complexity of the irrigation 
system, its inefficient construction, and excess 
water wastage, large areas of agricultural land 
both This 


in winter 


have become water-logged in Oases 


the 
lor Ttrequent 


becomes even more 


the 


apparent 


months when need irrigation 
becomes lessened and the rate of evaporation ce 

creases. With this water excess and poor drainage 
the ground water table becomes too high for good 
not only 


but 


agricultural practice \s a consé quence, 
is much potentially 
habitats 


greatly increased 


productive land lost, 


favorable for malarial mosquities are 


CLIMATI 


The intense heat of the summer months is the 


most widely known feature of the Arabian eli 


mate. The summer months from June through 
September are unusually hot, July temperatures 
116° F. At Dhahran, 


along the coast reaching 
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TABLE 2 


Vean monthly te 


Month 1948 1949 
60.2 


63 


January 
February 
March 
April 
May 
June 


) 
9 
1 


65.4 
74 
S4.: 


July 
August 
September 
October 
November 
December 


Mean annual 
temperature 


short distance inland, 121° F has been 


recorded, and even higher temperatures are ex 


only a 
perienced farther inland. The unpleasantness of 
the hot summers is further aggravated by high 
humidity during the 
The 


Oppressive 


latter part of this period. 
be 


commonly 


and 
the 
most prevalent in June 


nights, in particular, may humid 


Strong winds, from 


north (‘“‘shamals’’), are 
and July and serve to mitigate the unpleasant 
The 
be accompanied by sand or dust storms. By con 
trast, the weather from November through April 


effects of high temperatures shamals may 


pleasant with cool nights and 
days. Wind storms 


this 


is usually very 
much less 
Rainfall 


sparse (averaging only 3 inches per vear), often 


sunny, balmy are 


frequent during period is 


very 


erratic, and usually limited to short periods be 
November and April 
logical interest locally is the seasonal-high 


tween Of special malario 
humid 
ity strip along the western margins of the Persian 
Gulf. It is in this strip that the Qatif and al-Hasa 
oases are located 

WEATHER DATA 


SOURCE OI 


In ou study, we have used weather 
data collected by 
the effects ol 


It was felt that 


present 
\ramco at Ras Tanura to study 
local climate on malaria transmis 
sion Ras Tanura records would 
more nearly approximate actual conditions in the 
Qatif oasis than would similar data from Dhah 
ran. Hence the tabular presentations of temper 
and rainfall data all 


ature, relative humidity, are 


mperatures, Ras Tanura, 1945 


19 


56 


56 


50 1951 


1956 


1952 1956 
62.7 
62.6 
67 .: 
76.4 
85.4 
91.4 
95.‘ 
93. 
90 

84.° 
71 


5Y 
64 
69 
78.4 
S6.! 
&S 


x 


60. 
64.: 
70. 
75. 


79 


~ 


Co w~ 


> b> 0D 0 & 


— Dw SH bo 
bo 


calculated from raw data collected at Ras Tanura 


(for comparable Dhahran data, Tarizzo 


(1957)). 


Te moperature. 


see 
data from this 
source are summarized on a weekly and monthly 
1945 through 
December, 1956. The greatest seasonal extremes 


‘Temperature 


basis for the period February, 
in daily temperatures during this 12-year period 
(Jan. 30, 1950) 
F (July 5, 1945). At the 
Dhahran airport, July temperatures of 121° F 


range from a minimum of 36° F 


to a maximum of 116 


have been recorded, and even higher summer 


temperatures are noted in the interior. Daily 
mean temperatures at Ras Tanura have ranged 
from 43° F (Jan. 27, 1950) to 102° F 13, 
14, 1951; Aug. 4, 1956). A composite of mean 


monthly temperatures, 1945 through 1956, 


(July 


is 
given in Table 2 
Relative 


(RH) were also analyzed. There is a tremendous 


humidity. Data on relative humidity 
range in RH from a minimum of 0°; to frequent 
100°). Mean monthly RH 
calculated on the basis of daily readings taken at 
0900 hours from February, 1945 through August, 
1949. 


recordings of were 


\fter that date, only daily maxima and 
minima were recorded. These were averaged to 
give a mean daily RH (September, 1949 through 
December, 1956). Composites of mean monthly 
RH. based on 0900-hour readings (Table 3) and 
as well as those based on daily averages (Table 4) 
are included below 

For a more exact analysis of seasonal shifts in 


temperature and RH, weekly means were calcu- 
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TABLE 3 
humidities 
Ras 


Vean monthly relative 


0900 readings Tanura. 1945 1949 


Mont 


January 
February 
March 
April 
May 
June 
July 


calculated from 


DAGGY 


lated. These data are plotted later in conjunction 

with seasonal studies on malaria morbidity 
Rainfall 

per year, and is usually confined seasonally to 


tainfall is scanty, averaging 3 inches 


late winter and early spring. Summers are usually 
completely rain free. The monthly distribution 


of rainfall, and annual totals, are given in Table 


5. The quantities are so small that rainy seasons, 


as such, have almost no effect on extending mos 
Hence, little 
or no importance in determining either the extent 


quito breeding areas rainfall is of 


or the seasonal cycle of malaria in eastern Saudi 


August 
September 
October 
November 


December 


Ve an monthl / 


Mont 


January 
February 
March 
April 

May 

June 

July 
August 
September 

October 
November 


December 


January 
February 
Ay ure h 
April 

M t\ 

June 

July 
August 
September 
October 
November 


December 


Total 


rainfall 


innual 


relati 


0.04 


Trace 


0.42 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


Trace 


umidities 


Rainfall in 


D0 
0.55 
Nil 
0.37 
Nil 
Nil 
Nil 
Nil 
Nil 
0.71 
0.08 


0.13 
O85 
1.04 
O.3S 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
1.04 


\rabia 


STANDARD WEATHER 


PATTERN 


From a 12-year analysis of available weather 


data 


TABLE 4 


calculated from daily 


69.9 
75.5 
82.9 


74 


69.: 
57 

_- 
16. : 


TABLE : 


inches 


0.40 
0.10 
0.45 
0.10 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
1.05 


1.72 


Ra Ss Tan “ura 


Trace 


0.42 
Trace 
0.07 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
0.07 


» 
means, Ras 


0.73 
Nil 
0.09 
1.17 
0.35 
Nil 
Nil 
Nil 
Nil 
Nil 


Trace 


0.13 


1945 through 


00S 
0.34 
0.24 
0.04 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


5.19 


1956), 


Tanura, 


82.4 
71.5 
74.7 
64.5 
61.6 
59.6 
60.9 
63.1 
56.1 
60.9 
41.5 


71.0 


0.01 
> on 


0.60 
Trace 
Nil 
Nil 
Nil 
Nil 
Nil 
Trace 
0.30 
2.30 


standard 


1949-1956 


3.03 
Nil 


3.67 


Trace 


0.05 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


1.72 


annual 


0.60 
0.49 
0.75 
0O.1S 
0.07 
Nil 
Nil 
Nil 
Nil 
Nil 
0.17 
1.14 
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TABLE 6 weather pattern by weeks has been constructed 

Standard weather pattern for the Qatif Oasis (see Table 6 and Fig. 15). Weekly mean temper- 

on Ras Tanura data, 1945-1956 atures, weekly mean RH (from 0900 readings, 

1945 through 1949; from daily averages, 1949 

through 1956), and average monthly rainfall 

have been utilized in constructing a standard 
pattern for an “average year.” 


Mean Mean 
relative | relative 
humidity |humidity 
} ) ) 
Month , 0900 daily 
read aver 
+ 


ings )T ages)} 


Mean monthly 
rainfall 


Temperature patterns are remarkably con- 
stant. From lowest weekly averages (60° F) in 


January* late January, mean weekly temperatures grad- 
ually increase until the last week of July and first 
week in August when maxima of 93 to 94° F are 
reached. From this peak, temperatures gradually 
decline until the coldest temperatures of late 
January are resumed. Throughout the 12 years 


February* 


So Www Oo 


studied, relatively little variation has occurred in 


March* this temperature pattern. Only rarely do weekly 


7 oe oF oF 28 oS SS 


aS Ww te 


mean temperatures in any one year vary more 
than 5 to 6° from the standard 12-year average. 
Relative humidities, on the other hand, vary a 


great deal. First, there are remarkable extremes 
(2% to 100°) in any one 24-hour period. Hence, 
daily averages and weekly means developed from 
them tend to obscure these differences. In an 


Dao 


attempt to trace a more definite seasonal pattern 
of humidity change, 0900 readings were analyzed 
from April 1945 through August 1949 (at this 
June time 0900 readings were discontinued). When 
these are averaged by weeks, more definite 
seasonal trends begin to emerge. From a study of 
0900 weekly means in the table, it can be seen 
that the highest humidities roughly coincide with 


5 
3 
4 
9 
| 
5} 


the lowest temperatures in December and Janu- 
ary. There is a gradual decrease in RH with 
August , 57. warmer temperatures until July and August when 
highest temperatures are accompanied by lowest 
RH. But the greater variations in RH make the 
seasonal humidity pattern much less constant 
September 3 than the corresponding temperature pattern. 
The seasonal pattern of precipitation, like that of 
temperature, is also remarkably constant; but 
the amounts of rainfall vary considerably from 


October 
ctober vear to year. 


MICROCLIMATES 


: Microclimatic variation does occur, but little 
November is known about microclimates which might affect 
the vector population specifically. The influence 
of various types of housing on indoor temper 


December 


Exeept January—March, 1945. 

Data from April, 1945, through August, 1949. 
Data from September, 1949, through Decem 
ber, 1956. 


7 
+ 
+ 
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atures and the local effects of permanent and 


temporary collections of surface water such as 
pools, wells, and “‘sabkhas’”’ would be of special 
interest. A few observations on temperatures in 
side and outside mosquito-resting places during 
the hottest part of the summer may be of interest 
here. When outdoor shade temperatures (4 ft. 
above ground) were recorded at 111° F, ground 
level floor temperatures in a barasti were noted 
at 100° F. (Saihat, midday, July 3, 1948). Later 
this same day, shade temperature in the Qatif 
while the 


ground temperature inside a barasti was 100° F. 


palm gardens was recorded at 101° F 


Inside a barasti near al-Khobar, 


a temperature 
F was recorded while in mosquito-resting 
part of the 


97° F were 


wall (forming a 


ol 


niches in a stone 
barasti 


note ad 


support), temperatures 
\s has already been pointed out, gradations in 
temperature and especially RH are found as one 


PART IL. EVALI 
Che malaria problem in the Qatif and al-Hasa 
be directly No 
malaria morbidity rates, or mortality 
\s 


general 


oases cannot measured vital 
statistics, 
data are available for the general population 
has been pointed out previously, no 
census has ever been taken; and any population 
figures given are crude estimates 


We the data 


available from Aramco hospitals and clinics since 


have used malaria-morbidity 
1941 as a measure of malaria in the adult popu 
lation as a whole since these are the only malaria 
data These data offer a 
conservative evaluation of the problem since the 


morbidity available 
oasis-dwelling populations (as opposed to em 


ployees who live in Company communities or 


who commute infrequently) are much more fre 
quently exposed to infective mosquito bites. No 
data are available to measure past malaria mor 
bidity other than the 
parasite survevs of 1947-1948 

To importance of 
cause of death, we have reviewed death certifi 


in children precontrol 


measure the malaria as a 
cates issued on patients expiring in Aramco hos 
pitals including Aramco Saudi Arab employees, 
their wives and children, as well as all age classes 
to the 
Company’s hospitals for medical attention. From 


of the general publie who have come 


a study of causes of death as reported on these 
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proceeds inland from the seacoast. Somewhat 
recorded, but the 
decrease in RH is much more obvious even at 
Dhahran the 
typical low humidity of the desert is reached. 


higher temperatures may be 
{As one proceeds farther inland, 
These finer variations in microclimates plus the 


the 
probably play a definite role in varying the ma 


gradual changes with distances from sea 


laria transmission potential throughout the region 
in question. But our general evaluation of the ef- 
fects of climate on malaria is based on the general 
supposition that Ras Tanura data 


are an ade 


quate measure of the Qatif oasis, and roughly 


approximate those of al-Hasa. Unfortunately, 
there 
proper nor in al-Hasa to validate these assump 


\ more detailed discussion of the effects of 


are no weather data available in Qatif 
tions 
climate on local malaria transmission and the re 
sulting delineation of spring and fall malaria 


seasons is given later in this paper 


ATION OF MALARIA HAZARD 


death certificates, we have calculated proportion 
Thus, if deaths 


in general, a good sample of deaths 


ate mortality rates. in Aramco 
hospitals are, 
in the general population, these data do give 
of the ol 
malaria as a cause of death. These proportionate 


data 1941 through 


some indication relative importance 


mortality available from 
1957 


Our 


are 


third method of the 
portance Ol malaria in these oases has been the 
In these 
various villages in both oases were selected 
1947 for collecting 
each November. These 
taken directly from oasis villages 
from 1947 thru 1957 


ascertaining im 


traditional malaria survey survevs, 
in 
data 
data 


ay ailable 


parasite and spleen 
malaria-survey 


are 


MORBIDITY 


the introduction of malaria-control 
measures in the fall of 1948, malaria was a most 
\rab 


During the spring and fall malaria sea 


Before 


serious problem in Aramco’s Saudi labor 
force 
sons, large numbers of these employees were 
affected 


paired, their sickness and hospitalization rates 


by malaria, their work efficiency im 


increased. Key supervisory employees were 


often lost to the job, and even occasional deaths 


occurred. Annual morbidity rates throughout 
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TABLE 7 
Precontrol malaria morbidity rates in Saudi Arab 
employees, Arabian Americal Oil Company, 


1941-1947 


Midyear 
employee 
strength 


Morbidity rate 
per 10,000 


1941 380 Be iy y 
1942 280 
1943 540 
1944 OSS 
1945 838 
1946 802 
1947 2,101 


, 144. 
,665. 
, 783. 
, 438. 
,044.8 
,O78. 


,677.8 


— — m= HD mm DD 


1941-1947 Average 1,604. 


may include 
through March, 1947 


tecords some nonemploy ees 


TABLE 8 


Species of parasite causing malaria infections in 


Saudi Arab employees, Arabian Ame? 


1941 


wan 


Oil Company, 1957 


Number 


2,849 


Plasmodium falciparun 3,361 


Plasmodi dm vivar 


97 


Plasmodium malariae Zé 
Mixed infections* 75 


Species undetermined (clinical 
i a 


malaria 3,585 


Total 9,988 100.0 


recorded as such 


* Mixed 
previous to 1947, hence this figure is much smaller 


infections were not 
than it would be if this distinction had been re 


corded previously 


the years 1941-1947 varied from slightly over 
1,000 CUSeSs 10.000 employees in low 
2.600 2.700 / 10,000 


malarious 


years to 
during the 
Table 7) 
that the 


the resident oasis population and among suscep 


and more 
these 


among 


From 


years see 


data, we can infer situation 
tible immigrants was much more serious during 
the same period 

Only 
in these statistics 
Pakistani, 
have 


Saudi Arab employees are considered 
Malaria cases in Palastinian, 
Indian, or other foreign employees 
they 


represented imported rather than true autoch- 


been eliminated since might have 


thonous cases have not been dis 


Re lapses 


tinguished in our data since we were unable 
infections and 
which were relapses in these groups. It should 


to ascertain which were new 


also be borne in mind that some of these infec- 


tions may have been contracted outside the 


areas in the 
Najd, Hijaz or ’Asir. Again these cannot be 
distinguished 


Eastern Province; in malarious 
contracted in the 
Eastern Province. We are assuming their num- 


from those 
ber is relatively small and thus will not greatly 
affect our general conclusions. 
Almost 10,000 cases of Saudi 
malaria were recorded during the 17-year period, 
1941 through 1957. The species of Plasmodium 


involved in these cases 


Arab-employee 


are shown in Table 8. 


Falciparum infections normally predominated 
during the seasonal peaks of morbidity in the 
spring and early summer (April through July) 
and in the fall (November through December). 
During the winter (January through March) 
late (August October), 
vivax cases were slightly more numerous. Un 


fortunately, 


and summer through 


many cases of clinical malaria 
(especially in the earlier years) obscure a more 
accurate delimitation of species involved both 
as far as seasonal differences and annual totals 
are concerned. 

MORTALITY 


Since no vital statistics are available for the 


general oasis population, no comprehensive 


malaria-mortality rates can be developed for 
Mortality 

population 
calculated; but the 
are too small for firm conclusions to be drawn 


the general population. rates for 


the Aramco employee (adults), 


however, can be numbers 
Table 9). 
an average 

22/100,000 was 
1947 


these data, 
employee-mortality — of 
obtained 1941 


meas 


(see Jased on meager 
annual 
for the period 
through preceding malaria control 
ures. 

Another measure of the relative importance 
of malaria as a cause of death in our study 
area can be obtained from proportionate mor 
tality rates based on analysis of all deaths in 
all age groups occurring in \ramco hospitals. 
These Table 9. As 


can be seen, an average of slightly over 11 per 


data are also outlined in 
cent of the deaths occurring in Aramco hospitals 
throughout this precontrol period (1941 through 
1947) was due to malaria. Proportionate malaria 
mortality rates for the entire period 1941 through 


1957 are shown in Fig. 21. 
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atures and the local effects of permanent and proceeds inland from the seacoast. Somewhat 
temporary collections of surface water such as higher temperatures may be recorded, but the 
pools, wells, and ‘“sabkhas” would be of special decrease in RH is much more obvious even at 
interest. A few observations on temperatures in- Dhahran. As one proceeds farther inland, the 
side and outside mosquito-resting places during typical low humidity of the desert is reached. 
the hottest part of the summer may be of interest These finer variations in microclimates plus the 
here. When outdoor shade temperatures (4 ft. gradual changes with distances from the sea 
above ground) were recorded at 111° F,ground- probably play a definite role in varying the ma 
level floor temperatures in a barasti were noted _ laria transmission potential throughout the region 
at 100° F. (Saihat, midday, July 3, 1948). Later in question. But our general evaluation of the ef- 
this same day, shade temperature in the Qatif fects of climate on malaria is based on the general 
palm gardens was recorded at 101° F while the supposition that Ras Tanura data are an ade 


ground temperature inside a barasti was 100° F. quate measure of the Qatif oasis, and roughly 


Inside a barasti near al-Khobar, a temperature approximate those of al-Hasa. Unfortunately, 
of 103° F was recorded while in mosquito-resting there are no weather data available in Qatif 
niches in a stone wall (forming a part of the proper nor in al-Hasa to validate these assump 
barasti support), temperatures of 97° F were _ tions. A more detailed discussion of the effects of 
noted climate on local malaria transmission and the re 

\s has already been pointed out, gradations in sulting delineation of spring and fall malaria 
temperature and especially RH are found as one — seasons is given later in this paper. 


PART II. EVALUATION OF MALARIA HAZARD 


The malaria problem in the Qatif and al-Hasa death certificates, we have calculated proportion 
oases cannot be measured directly. No vital ate mortality rates. Thus, if deaths in Aramco 
statistics, malaria morbidity rates, or mortality hospitals are, in general, a good sample of deaths 
give 


data are available for the general population. As in the general population, these data do 
has been pointed out previously, no general some indication of the relative importance of 
census has ever been taken; and any population malaria as a cause of death. These proportionate 
figures given are crude estimates mortality data are available from 1941 through 
We have used the malaria-morbidity data 1957 
ivailable from Aramco hospitals and clinics since Our third method of ascertaining the im 
1941 as a measure of malaria in the adult popu- portance of malaria in these oases has been the 
lation as a whole since these are the only malaria traditional malaria survey. In these surveys, 
morbidity data available. These data offer a various villages in both oases were selected in 
conservative evaluation of the problem since the 1947 for collecting parasite and spleen data 
oasis-dwelling populations (as opposed to em- each November. These malaria-survey data 
ployees who live in Company communities or taken directly from oasis villages are available 
who commute infrequently) are much more fre from 1947 thru 1957. 
quently exposed to infective mosquito bites. No 
data are available to measure past malaria mor setenatid 
bidity in children other than the precontro! Before the introduction of malaria-control 
parasite surveys of 1947-1948 measures in the fall of 1948, malaria was a most 
lo measure the importance of malaria as a serious problem in Arameco’s Saudi Arab labor 
cause of death, we have reviewed death certifi force. During the spring and fall malaria sea 
cates issued on patients expiring in Aramco hos sons, large numbers of these employees were 
pitals including Arameo Saudi Arab employees, affected by malaria, their work efficiency im 
their wives and children, as well as all age classes — paired, their sickness and hospitalization rates 
of the general public who have come to the increased. Key supervisory employees were 
Company’s hospitals for medical attention. From — often lost to the job, and even occasional deaths 
a study of causes of death as reported on these occurred. Annual morbidity rates throughout 
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TABLE 7 
Precontrol malaria morbidity rates in Saudi Arab 
Arabian Americal Oil Company, 
1941-1947 


employees, 


Midyear . 
Number li lye . Morbidity rate 
employee 


malaria cases* conmatl per 10,000 
strength 


380 
280 
540 
688 
S38 
802 
2,101 


1941 
1942 
1943 
1944 
1945 
1946 
1947 
1941-1947 Average 
* Records may include 
through March, 1947 


some nonemployees 


TABLE 8 


Species of parasite ausing malaria infections in 


Saudi Arab en ployees, {rabian American 


Oil Company, 1941-1957 
Number | Per cent 


2,849 


parun 3,361 


Plasmodium vivar 
Plasmodium fal 
Plasmodium mala lae 27 
Mixed infections* 75 
(clinical 


Species undetermined 


malaria 3,585 


Total 9,988 | 100.0 


: Mixed recorded as such 
previous to 1947, hence this figure is much smaller 
than it 


infections were not 
would be if this distinction had been re 


corded previously 


the years 1941-1947 varied from slightly over 
1,000 cases /10,000 employees in low years to 
2.600 2,700/10,000 the 


From 


during 
Table 7) 
that the 


and more 
these 


among 


malarious years (see 


data, we can infer situation 


the resident oasis population and among suscep 
tible 


the same period 


immigrants was much more serious during 


Only Saudi Arab employees are considered 
in these statistics 
Pakistani, 


have 


Malaria cases in Palastinian, 
Indian, or other foreign employees 
the \ 
represented imported rather than true autoch- 
Relapses 


been eliminated since might have 


thonous have not been dis 


CaSCS 


235 


tinguished in our data since we were unable 


to ascertain which were new infections and 
which were relapses in these groups. It should 
also be borne in mind that some of these infec- 
the 
the 
Najd, Hijaz or ’Asir. Again these cannot be 
distinguished the 


Eastern Province. We are assuming their num- 


tions may have been contracted outside 


Eastern Province; in malarious areas in 


from those contracted in 
ber is relatively small and thus will not greatly 
affect our general conclusions. 

Almost 10,000 cases of Saudi Arab-employee 
malaria were recorded during the 17-year period, 
1941 through 1957. The species of Plasmodium 
involved in these cases are shown in Table 8. 
infections normally 


Falciparum predominated 


during the seasonal peaks of morbidity in the 
spring and early summer (April through July) 
and in the fall (November through December). 
During the winter (January through March) 
late (August October), 
vivax cases were slightly more numerous. Un 
fortunately, 


and summer through 


many cases of clinical malaria 
(especially in the earlier years) obscure a more 
accurate delimitation of species involved both 
as far as seasonal differences and annual totals 
are concerned. 

MORTALITY 


Since no vital statistics are available for the 
general oasis population, no comprehensive 
malaria-mortality rates can be developed for 
the Mortality 
the population 
however, can be but the 
are too small for firm conclusions to be drawn 
Table 9). these data, 
an average employee-mortality — of 
22/100,000 was 1941 


1947 preceding malaria control meas 


general population. rates for 


Aramco employee (adults), 


calculated; numbers 


(see Based on meager 
annual 
obtained for the period 
through 
ures. 
\nother measure of the relative importance 
of malaria as a cause of death in our study 
area can be obtained from proportionate mor 
tality 
all age Aramco hospitals. 


These Table 9. As 


can be seen, an average of slightly over 11 per 


rates based on analysis of all deaths in 
groups occurring in 
data are also outlined in 
cent of the deaths occurring in Aramco hospitals 
throughout this precontrol period (1941 through 
1947) was due to malaria. Proportionate malaria 
mortality rates for the entire period 1941 through 


1957 are shown in Fig. 21. 
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TABLE 9 
Valaria deaths and proportionate malaria mortal 
ity rates from analysis of death certificates in 


1RAMCO hospitals 


1941-1947 


all age groups except new 


borns, 


Number of 
malaria deaths 


Deaths from 


Saudi Arab employee 
all causes 


r 100.000 


i-employee 


Joe 


> 


total 


mortality rate 


total deaths 


1,772 
1,681 
1,940 
+, 784 
8,021 
7,437 
7,846 


Average 


TABLE 
of malaria causing deaths 


hospitals, 1941-1956 


10 


T ypes 1RAM 


Cerebral malaria 
Blackwater fever 
Fak tparum 
Vivar 

V alariae 

Fal iparum-vivar 


[ nspecified 


In malaria with other 


causes of death in Aramco hospitals, its 


comparing specific 
relative 
importance before control was paramount. In 
1942 and 1943 it ranked first; and in 1944, 1945, 
and 1947 only accidents and pneumonia super 


seded In 


the oasis villages, high infant death rates from 


malaria as ranking causes of death. 
“fever” 
fall 
irom 


were expected during each spring and 
death, 
of the 
expected, 


malaria season. Illness, and even 


malaria 


ol 


were accepted 
life. As 
falciparum infections, particularly 


an part 
be 


cerebral ma 


pattern might 


OUSIS 


laria, were the most common infections causing 
fatalities (see Table 10) 


MALARIA SURVEYS 


In the absence of any more complete morbid 


itv-mortality data on malaria within the 


H. 
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province, a general malaria survey in the oasis 


villages became essential. Hence, spleen and 
initiated in the Qatif 
oasis in 1947 and in al-Hasa in 1948 so that the 
distribution and intensity of malaria infection 
could be exactly. 
with potentially different malaria hazards were 
this the 


probable malarious areas in the center 


parasite surveys were 


determined more Villages 


selected for initial survey, some in 
most 
of date-palm cultivation, others on the margins, 
and still others, such as al-Khobar, Dammam 
and Jubail, at some distance from extensively 
irrigated areas 

In these surveys, samples of children from 
14 


and 


Infancy through vears were examined for 


blood taken for 
parasite determination. Only very occasionally 


splenomegaly ; films were 


would adults allow 
take blood 


the upright position because of difficulties in 


us to palpate spleens or 
smears. Spleens were palpated in 
getting cooperation for examining in the more 
Hackett’s 


tion (1944) was used in tabulating degrees of 


preferred supine position classifica- 
spleen enlargement. Unfortunately, several differ 
ent physicians had to be employed in collecting 
spleen data which introduced undesirable 
Blood the 
standard thick-film technique and Giemsa stain. 


an 


variable films were made using 


Films were studied on an average of 5 minutes 


before being declared negative. Surveys were 
the latter part of November and 


early December at the peak of the fall malaria 


made during 


season 

Survey data were analyzed in the following 
0-11 12-23 months, 2-4 
years, 5-9 years, 10-14 years, and 154 
Ages had to 
of the children 
birthdays or 


age groups: months, 
vears. 
estimated since few 
their 


vive 


be or none 


(or parents) knew their 


their 
In order to make village 


comparisons more valid, 2 


could true with 


age 
any degree of accuracy 
14 vear composites 
were made for each village surveved. From 
these data, then to 


parasite rate, infant parasite rate, parasite formula, 


we were able calculate 


splee n rate x aggre gate malaria inde es ave rage 


splee nm, ave rage é nlarge d splee n, sple nore tru inde S.. 
malaria classification for the 


and determine a 


villages survey ed. used 
the 


recommendations 


Survey 
World 
for 
(Covell, Russell and Swellengrebel, 1953) 


terminology 
Health 


standard 


here follows Organization 


nomenclature 


Such malaria surveys of village children have 
been made annually in representative villages 
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TABLE 11 


Parasite, 


Number Parasite 
children rate 
a 


examined (%) 


Town ey date 


Qatif Oas 


Anik 
Saihat 
Qatif 
Al-Ajam 
Safwa 
Jubail 
Dammam 


Al-Khobar 


98.1 
92.6 
90 


a@. 


OS 
91 
71 96 
$7. 


4 
$ 
4 
8 
7 


37 


28.0 10 


Al-Hasa 


Al-Qarah 
Al-Jafr 
Al-Jishshah 
Al-Mubarraz 
Hofuf 


100.0 
82.8 18 
31.0 26 
15.5 S 


13.9 3 


12 


1947 and in the al-Hasa 


Certain 


in the Qatif oasis sinc 


oasis since 1948 selected villages, in 


locations, have been 
late November; 


the peak month of the fall malaria season. These 


typical 
alter 


OUSIS 


surveved 


vear vear in normally 
data have been used to describe the hyperen- 


demic malaria of the typical oasis village and 
have been most useful in evaluating the results 
ot later 
vears, malariometric 


DDT 


resumption of 


residual malaria control. In 


they 


sprays In 


prov icle excellent 
evidence for development ol resistance 
in and 
effective malaria 
substituted for DDT 

The results of the 
al-Hasa, 1948), 
any control measures, 
11. The 
correlation 
the 


gardens 


lnophele s ste phensi {or 


control when dieldrin’ was 


first surveys (Qatif, 1947; 


made before introduction of 


are summarized in Table 
close 


ol 
date-palm 


Variations in parasite rate show 
the geographical 
to 


comple tely 


with position 


in regard irrigated 
Villages 
these potential anopheline 
Figs. 1 and 2) show the highest parasite rates, 
, al-Qarah, 100°7; ’Anik, 98°; Saihat, 93° 

Qatif, 90°7; al-Jafr, 83° al-Ajam, 77 °¢. 
Those with the 
belt or located on its margins show lesser degrees 


10%; 


village 


surrounded by 


breeding areas (see 


V1Z 
and 


less closely associated 


palm 


of infection, viz., Jubail, 48°7; Dammam, 


spleen, and aygregate malaria indices in 2 


Spleen 
rate 
(e 


98.1 
90. 


87. 


14 year age group, 1947-1948 


Aggre 
gate 
malaria 
index 

(¢ 


Average 
enlarged 
spleen 


Spleno 
metric 
index 


Average 
spleen 


Malaria 
classification 


is (1947) 


100.0 
if) 99 2 
1 100.0 
7 95.2 
9 99.0 
8 90.4 
5 61.0 
0 36.0 


Holoendemic 
Holoendemic 


— bo bo 


Holoendemic 
Holoendemic 
Holoendemic 


— — RS 


Holoendemic 


Se) ee 


SY 


Mesoendemic 


to SI 00 to OO 


Hypoendemic 


( Jasis (1948) 


6 100.0 
3 S28 
2 17.6 
6 19.0 
Ss 15.8 


Mesoendemic 
Mesoendemic 


on ° om) | 


=- 


Mesoendemic 


Hypoendemic 


to W bw b&b bo 


or 


Hypoendemic 


al-Jishshah, 3167; al-Khobar, 
16°7; and Hofuf, 14. 


The very high prevalence of malaria in these 


28°); al-Mubarraz, 


true oasis villages is emphasized by these para 
site rates. In general, the spleen data corroborate 
this evidence. The parasite rate of the 2-to-14 
85°) in the Qatif oasis 


from 


(average 
the 


of malaria control measures in succeeding years 


year group 


proper) is benchmark which success 
was plotted. This same 2-to-14-year age group 
is used in comparing malariometric data through 
out pre- and post control vears. 

(NALYSIS OF SURVEY DATA AGI 


BY (ZROUPS 


\ comparison of survey data by age groups 
from the five garden villages (the most highly 
malarious) studied in the Qatif oasis shows an 
interesting picture of 
the 
our 


typically hyperendemic 
Table 12) 
precontrol infant 
100 
per cent; indicating total infection of the infant 
population in its first year of life as well as the 


for oasis 
ol 


rate 


malaria 
In both 
parasite 


proper 
the 
(transmission 


(see 
oases, 


index) was 


great general risk of malarial infection in these 
oases in all age groups. Parasite rates are seen 


to decline with increase in age. A reverse rela 


tionship is seen when age-specific spleen rates 


are studied. This is a reflection of normal im 
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munity development in an oasis 


population 
exposed from birth to repeated malarial infee 


tion. The infants and younger children show 
the typically high gametocyte rates associated 
TABLE 12 
Parasite and spleen rates by age groups, Qatif 
Oasis, 1947 
Chil Parasite — Spleen 
Age grou dren ex rate poi . rate 
amined rg 
0-11 months 1] 100 27 64 
12-23 months 21 95 24 67 
2-0 vears 217 So 14 6 
10-14 vears 192 8] 13 93 
15 vears and older 14 79 7 100 
Total 155 86 14 93 
2-14-year composite 109 85 13 4 


TABLE 


parasi le 


Distribution of parasite species 
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with hyperendemic malaria. Older children show 
an expected decline in gametocyte rate with 
increasing age 

Species of Plasmodium. An analysis of the 
species of Plasmodium contributing to different 


degrees of parasitemia (parasite formula) is 
shown in Table 13. The percentages are based 
on total number of children examined in each 
of the villages indicated. The general composite 


must weighed because 


of 


averages be carefully 


of the unusual predominance malariae infec 
tions in ’Anik and in al-Jafr. 

Falciparum infections usually predominate 
in hyperendemic situations. This is confirmed 
our Qatil data. Malariae, 


known for the “patchiness” of its distribution. 


by as a species, Is 
Certainly the unusual predominance of malariae 
al-Jafr (67°, of positives) and ’Anik (42°; 


of positives) is a good example of this unusual 


in 


localized distribution 


13 


formulas) in 2-14 year age group 


Number Parasite Percent Percent Percent Percent Percent 
Tow Survey date children rate salcipas vivax malariae _unidenti mixed 
examined , sentah . positive positive hed infections 
Qatif Oasis 
"Anik Nov. 30, 1947 54 98.1 33.3 13.0 10.7 11.1 
Saihat Nov. 26, 1947 121 92.6 52.9 19.8 9.1 10.7 
Qatif Dee. 9, 1947 52 90.4 32.7 34.6 17.3 1.9 3.8 
Al-Ajam Dee 1, 1947 M4 77.4 26.2 10.5 2.4 1.8 3.6 
Safwa Dec. 14, 1947 YS 71.4 24.5 29.6 14.3 3.1 
Jubail Dec. 16, 1947 115 17.8 9.6 27.8 9.6 0.9 
Dammam Nov. 17, 1947 136 39.7 1) 4 6.6 2.9 0.7 
Al-Khobar Nov. 19, 1947 5O 28.0 28 .0 
Total 710 66.2 27.6 23.5 10.3 0.7 $.1 
Composite of five garden towns exclud 
ing Dammam, Jubail, and Al-Khobar 100 84.8 35.5 27.4 14.2 .2 6.6 
Al-Hasa Oasis 
Al Qarah Nov. 30, 1948 6S 100.0 39.7 30.9 26.5 2.9 
Al-Jafr Nov. 29, 1948 29 82.8 10.3 55.2 13.8 3.4 
Al-Jishshah Nov. 29, 1948 42 31.0 16.7 14.3 
Al-Mubarraz Nov. 29, 1948 5S 15.5 12.1 5.4 
Hofuf Nov. 28, 1948 158 13.9 12.7 0.6 0.6 
Total 355 38.5 18.0 6.2 12.1 1.1 OLS 
Composite of three garden towns ex 
cluding Hofuf and Al-Mubarraz 139 75.5 26.6 15.1 28.8 2.9 33 
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TABLE 14 


Species prevalence by ade 


1947 


groups, 


Qatif Oasis, 


Number | 
para 
site 

positive 


alc Viva Malar 


F Uniden 
parum uz) iae 


Age group tified 
C 


Mixed 


0-11 mos. 11 
12-23 mos. 20 
2-9 yrs. 192 
10-14 yrs 155 
15+ vears 11 


Total 
2-14-vear 
compos 


ite 


TABLE 15 


Age-specific splenomegaly, Qatif Oasis, 1947 


Average 
Average en 
spleen larged 

spleen 


Chil Spleen 
Age group dren ex rate 


amined 


Spleno 
metric 
index 


0-11 months 1] 
12-24 
2-9 vears 217 
10-14 years 192 
15+ years 14 


ny 


152.6 
186.8 
230. 
203 . ¢ 
240. 


~ 


months 21 


tN Ww bh WN be 


m= bo 


Totals 
2-14-vear com 


posite 


The predominance of falciparum infections 
those of 


Table 14 where species percentages are based 


over vivar and malariae is shown in 
on the total number of positive smears. These 
taken 
in the Qatif area excluding al-Khobar, Dammam, 
and Jubail. 

The 


infections further emphasizes the intensity of 


data are from typical garden villages 


relatively large percentage of mixed 
malarial attack in the oasis villages; particularly 
in the younger children 

Splenomegaly. Hyperendemic malaria, by defi- 
nition, occurs when the spleen rate in children 
2 to 9 years of age is constantly over 50 per cent. 
In most cases in our more maiarious villages, 
cent. Our 


data for the 


it approached more nearly 100° per 


precontrol splenomegaly various 


TABLE 16 
Correlation of parasitemia with splenomegaly, 


Qatif Oasis, 1947 


Parasite 
positive 
( 


Per cent Parasite 
of total positive 
examined o 


Children 
examined 


Spleen class 
167 23.5 65 38 .{ 
130 18.3 76 
236 33.2 179 
159 22.4 133 

18 2.5 17 

0 


710 


villages are shown in Table 11; an age-specific 
analysis in Table 15. 

In general, our spleen data follow the same 
relative alignment as do our parasite data inso- 
far as measuring village malariousness is con- 
cerned. The spleen rate, size of average spleen 
and splenometric index all show a general in- 
crease with age. This is probably indicative 
of parallel immunity development character 
istic of hyperendemic populations. 

A very pronounced correlation between in 
degree 
of splenomegaly is shown in Table 16. Data 


crease in parasitemia and increase in 


were gathered from highly malarious villages 
within the garden area as well as from nearby 
malarious towns such as 


less Dammam, al 
Khobar, and Jubail. With this high correlation 
between degree of spleen enlargement and 


positive parasitemia, we conclude that spleen 
alone would be useful rough tools in 
this 


However, spleen surveys elsewhere in the King 


surveys 


determining malarial intensity in area, 


dom may be less useful because of the occur 
rence of schistosomiasis in the Najd, Hijaz, 
*Asir. Spleen enlargement from this source 
may obscure the relative importance of sple 


and 


nomegaly as a measure of malaria in these other 


areas. No evidence of vector snails or local 


transmission of schistosomiasis is available for 
either the Qatif or although 


infected immigrants are now commonly found 


al-Hasa oases 


residing in the Eastern Province (Tarizzo, 
1957). 

From all these various data, morbidity, mor 
tality, and village surveys, there is no doubt 


that malaria can be a most serious disease prob 
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of the Eastern Province. Since 


the bulk of Aramco employees come from these 


lem in oases 


oases, it follows that malaria is a most serious 
health problem for Aramco. This same potential 


PART III 


Fourteen different anophelines have been re 
audi Arabia (see Table 17), but of 
the 
| nopheles 


ported from S 


these, only six have been reported from 


Eastern Province. These species are 
stephensi, fluviatilis, sergenti, pulcherrimus, multi 
color and coustani var. tenebrosus. 

The earliest collections of anophelines made 
in the Eastern yt 
Hopkins (recorded by Leeson, 1948) who made 
1943-44 


fluviatilis, sergentt, 


Province are probably those « 


a malaria survey in Identifications of 
pul herrimus, 


this 


hurcanus were also 


| stephens, 


multicolor and coustani were made from 


\ few 
re ported, but these have since been determined 
the 
Knight 


material larvae of .1 


Variety le nebrosus, 


1956 


coustant, probably 


\attingls 
1O4S 


ius 


b and Leeson’s 
to cinereus has also been deter 


\Mattingly 


reterence 


mined as multicolor by and Knight 


TABLE 


is Provinces of Saudi 


fion oft Lnophel ne Vosqu foes in if a oO 


SPECIES 


Anopheles (Anopheles) algeriensis Theobald 


Anopheles (My zomyia) apoci Marsh 


Anopheles (Myzomyia) cinereus Theobald 


Anopheles (Anopheles) claviger (Meigen 


Anopheles (Anopheles) coustani coustani Laveran 


Anopheles (Anopheles) coustani tenebrosus Donitz 


Anopheles (Myzomyia) culicifacies culicifacies Giles 


Anopheles (Myzomyia) culicifacies adenensis Christophers 


Anopheles (Myzomyia) demeilloni demeilloni Evans 


Anopheles (Myzomyia) dthali Patton 


Anopheles (Myzomy:a) fluviatilis James 


Anopheles (Myzomyia) gambiae Giles 


Anopheles Myzomy:a) hispaniola Theobald 


Anopheles (Anopheles) hyrcanus hyrcanus (Pallas 


Anopheles (Anopheles) marteri Senevet and Prunelle 


Anopheles (Myzomyia) multicolor Cambouliu 


Anopheles (Myzomyia) pharoensis Theobald 


Anopheles (My zomyia) pretoriensis (Theobald 


Anopheles (Myzomyia) pulcherrimus Theobald 


Anopheles (My zomyia) rhodesiensis rupico/us Lewis 


Anopheles (Anopheles) sacharovi Favre 


Anopheles (Myzomyia) sergenti (Theobald 


Anopheles (Myzomyia) stephensi Liston 


Anopheles (Myzomyia) superpictus Grassi 


Anopheles (Myzomyia) turkhudi Liston 


H. 


BIONOMICS OF 


DAGGY 


problem is faced by other industrial organiza- 


tions operating in the area, and is especially 
important in future agricultural development 


of the region as well. 


ANOPHELINE VECTORS 


Giles (1906) had previously reported stephenst 
from Bahrain Island. 
Of the 


most important vector along the Persian Gulf, 


these recorded species, stephensi is 
and the bulk of the present discussion will be 
devoted to the bionomics of this species in rela- 
tion to our local malaria problem. 


SPECIES OF .1NOPHELES IN THE EASTERN 


PROVINCI 


\nopheles fluviatilis is second in abundance 
and probably ol minor importance as a secondary 
its 
local role in transmission is presently available. 


vector although no exact information on 


It is one of the most important vectors (with 
culicifacies) in rural areas of northern and penin 
sular India 

{nopheles sergenti is found in Qatif and al- 
17 


trabia and in Neighboring Countri 
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Hasa oases occasionally, but its numbers are 
very small and of no significance in comparison 
with the 
stephenst. Anopheles sergentt was the only anoph 
Yabrin; and the 


a prominent vector in 


overwhelming preponderance — of 
eline found by the writer in 
species is known to be 
the smaller interior oases of the Najd and Hijaz, 
in Jordan, Israel and the Egyptian oases. 
{nopheles multicolor is also 


relatively rare 


in the Eastern Province and has been collected 
al-Kharj in the Najd. It is 

throughout 
North 


importance as a 


by the writer at 
widely distributed 
in the Middle East 
doubtful 


has 


desert regions 
\frica. It 


malaria 


is of 
but 
areas in Egypt on 


and 
vector 
been suspect in some 
epidemiological evidence 
{nopheles pulcherrimus is also widely dis 
tributed in this part of the world but is generally 
regarded as of little or no importance in malaria 


This 


stand high temperatures and to migrate 


transmission known to with 


species is 
great 
distances (15 miles) while being carried by winds 
Horsfall, 1955 


occurrence ol 


This explains the occasional 
Dhahran 
least 


pulcherrimus in when 


the nearest breeding areas are at oS to 7 
miles distant. 

| nopheles coustant var. tenebrosus is a con 
spicuous large black anopheline also occasionally 
found in both Qatil and al-Hasa oases, but it is 
of no importance as a malaria vector. 

Further intensive mosquito collecting in the 
Eastern Province may show the occurrence of 
1. culicifacies which has been reported from 
Bahrain, the Coast, 
Oman. Its subspecies, 


Coast 


neighboring Trucial and 
is also recorded 
dthali is 
widely distributed and has been recorded from 


likely to 


summarizes 


adenensis, 
from the Trucial | nopheles 
More collecting is 
Table 17 
the recorded distribution of anophelines in the 


adjacent areas 


disclose it here as well 
different provinces of Saudi Arabia and in neigh 
boring countries. Sources used in compiling the 
table include Mattingly and Knight (1956), Abdel 
Malek (1956), Leeson 
Yofe and Macan 
and Garrett-Jones 


(1957) 


1948), Leeson, Lumsden, 
1950), Pringle (1954), Pringle 
1957), and Zahar and Dabbah 


1{NOFHELES 
This 
throughout the 


STEPHENSI, THE LOCAL VECTOR 


most 
Persian Gulf 
India. In 


Ouses, we 


species is the important 
littoral and = in 
addition to the 
collected 
the al Khar} 


vector 


urban 
al-Hasa 


from 


coastal and 
Qatil 


ste phe nst 


and have 


and from 


Saral 
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district in the Najd. The species ranges from 
eastern Saudi Arabia and southern Iraq eastward 
and southward across India to Burma and 
China. Sonthinand (1952) extended the known 
distribution to Thailand. A variety, .1. stephensi 
mysorensis, described by Sweet and Rao (1937), 
has been thus far known only from India and 
Pakistan (Husain and Talibi, 1956). But recent 
measurements of stephe nsit eggs collected from 
the Qatif oasis and measured by Dr. R. L. Peffly, 
\ramco entomologist, indicate the variety myso 
rensis may also occur here in eastern 
\rabia. Russell and Mohan (1941) 


no significant 


Saudi 
have found 


differences between the type 


form and its variety insofar as experimental 
Krishnan 
(1954) has summarized much of our knowledge 
of this 
of India. 

\fridi and Majid (1938) found stephensi to 


be the only 


malaria infections are concerned 


species in a review of malaria vectors 


Bahrain anopheline infected with 


malaria parasites. In their studies, 1,142 speci 
mens were collected for dissection from various 
localities on the island (May—June, 1938). Fight 
positive gut 0.7%) 
were found. In 186 specimens from garden huts 


(barastis), 2.7 per 


infections (oocyst rate, 


cent were found to have 
Certainly with the 


heavier parasite rates in the Qatif oasis, our 


positive gut infections. 


mosquito infections must have been correspond 


although no dis 
sections were made locally. Covell (1944) refers 
to an infectivity rate of 9.3 per cent reported 
outbreak 
together 


ingly higher before control 


during a malaria in Lucknow, India. 


This evidence with 
other 


that stephensi is 


similar evidence 


from workers in India leaves no doubt 


This 
predominance 
in numbers in Qatif and al-Hasa makes it the 
chief 


a major malaria vector 
coupled with its overwhelming 


target species in any mosquito-malaria 


control schemes in these oases 


Day Resting Places 


Favored diurnal resting places for anophelines 
are ideally found in the palm-thatch, windowless 
barastis of the thick-walled 
masonry or adobe houses in the larger villages. 


and in the 


Oases 


Since sunlight is and the hot 
dry air of early summer is often gusty and dust 


filled, 


most oasis dwellings. Thus the most important 


intense outside 


windows are few, small, or absent in 


requirement, relative darkness, is well ful 


filled, especially in barastis. The microclimates 


in dwellings and stables, concentrated in oasis 
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TABLE 18 


tnopheline population species analysis based on combined shelter collections, Qatif Oasis, 1947-1949 
} po} I . + 


tnophe les ste phe nsi 


lnophe es fluviatilis* 
tnophe es pul herrimus 
lnophe é coustant var. tenebrosus 
Subtotal 
lnophe es 


(ule ind 


species 
Lede 8 spec 1e 


Totals 


* Some A N¢ 
difficult 


mens i olten 


villages, are thus ideal for attracting vector 


culverts, 
other than 
available for 


mosquitoes during the day. Caves, 


hollow trees, and dense vegetation 


cultivated crops are not generally 
shelter. Hence 


stable s, 


artificial shelters, such as houses 


and are concentration points for day 
time resting. This is, of course, most important 
for success in residual-spray control programs 
lnopheles ste phensi is a domestic species and 
attracted to these man-made shelters 
adults 
resting in 


is readily 


enormous numbers of can be found 


during the day houses and stables 
The darker 


preferred. As 


palm-thatch shelters seem to be 
500 to 600 
stephensi females have been taken in 12 to 15 
feet ot 


many as engorged 


square wall surface in highly favored 
resting places in the Qatif area 

\ compilation of all such shelter collections 
(Table 1S) showed ste phe nsi to be the predomi 
anopheline (90.6°.) with 
second (7.27). Pul 


found, but 


nant house-resting 


fluviatilis ranking a poor 


cherrimus Was occasionally coustani 


var. tenebrosus was only rarely encountered in 


house collections. Culicines in) general made 
up only a very minor part of the total mosquitoes 
collected from day shelters 

NEW Trap COLLECTIONS 


Jersey LIGHt 


The New Jersey light trap (battery operated 
is well known as a mechanical means of studying 
mosquito populations. Traps were run in the 
Qatil 
out the 


month through 
1948 through July 


about twice each 


period October 9, 


Adult collections from daytime resting shelters 


Females 


Total 


mosquitoes 


Anophe 


Total lines 
( 


71.5 7.989 90 
68.8 635 7 
100.0 193 y 


100.0 a) 


O94 
0.6 


100.0 


genti or multicolor may be included in these figures since identification of rubbed speci 


2, 1950. During this period some 1,613 anophe 
lines were collected, 79.347 of which were steph- 
ensi, 16.0°7 fluviatilis, and 4.7% 
Although the 
(perhaps influenced by 
other 
anophelines occurred in the fall (October 11, 
1948 and November 8, 1949) during the height 
of the transmission 
were too great to detect finer definition in sea 


pulcherrimus. 


catches were somewhat erratic 
winds, moonlight, and 
single catches of 


variables), the largest 


malaria season. Variations 
sonal patterns of anopheline density. The general 
seasonal trend, however, reflected the anopheline 
Fig. 13, 
our residual-spray program began shortly after 


density curve shown in even though 
light-trap studies were inaugurated. 

\nophelines collected in houses and in light 
traps in the same vicinity are 
Table 19. From this, we 
New light 


crude sampling for anopheline species in this 


compared in 
can conclude that the 
Jersey have a place in 


trap may 


area 


FEEDING 


Stephensi feeds avidly on man, but apparently 
prefer animal blood 
\fridi, (1939), in 
studies conducted in Delhi, reported only 1.4 


other 
and 


does not man to 


sources. Singh, Singh 
per cent of 360 specimens examined to have 
fed on blood. 


cated that cattle were preferred. Roy, Chandra, 


human Their observations indi 


and Siddons (1938), in precipitin tests on steph 
Calcutta 
only 3.4 per cent with human blood, the re 


ensi collected in a bedroom, found 
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TABLE 19 
Shelter collections vs. adjacent light traps 
in sampling anopheline populations, 
Qatif Oasis 


Day resting places Light trap 


Anopheles species 


No % No 


A. slephensi 1,938 96.6 | 1,279 79.3 
A. fluviatilis 47 2.3 16.0 
, 


23 1.1 5 1.7 


A. pul herrimus 


Total 2,008 100.0 1,613 100.0 


mainder had fed = on 
on cattle stabled nearby. A 
stephens (collected by Mr 
1948 on 


States 


ruminants, presumably 
number of 
Henry Chubb in 
sent to the United 


Service Communicable 


small 


Island) 
Health 


Atlanta, Georgia, for precip 


Bahrain 
Public 
Center, 
itin testing 


Disease 


showed results (see 


Table 20) in relative utilization of humans as a 


comparable 


blood source (Pratt, 1949, personal communica 


tion). In all these examples, the numbers are 
make 
results do indicate that man is apparently not 
blood 
stephensi if other sources are readily available. 
after 
No evidence of daytime feeding has been noted; 


too small to broad generalizations; but 


a preferred local source of meals for 


Feeding begins immediately sundown. 
even in dark huts while making collections for 


anopheline density studies. Chaudhuri 
Strickland, 1936) 
feeding most active just before midnight when 
temperature was 80.6 to 91.4° F (27 to 33° C) 


and relative humidity was 90 per cent 


(see 


Roy and Chaudhuri, found 


Licht RANG! 


The 
places in the Qatif and al-Hasa oases makes 
flight 
interest 


frequency and dispersal of breeding 


maximum range of stephensi a question 


of academic only. Oasis villages are 
agricultural 
land, and favored breeding places may be found 
Almost all 


within a 


closely surrounded by — irrigated 


almost everywhere 
located 
from potential breeding sites. Only the centers 


villages 


OUSLS 


are thus fraction of a mile 


of the larger towns may be beyond the 1.5-mile 
effective flight 
Afridi and Majid (1938) on 
Covell (1944) 
localization of 


stephe nst reported by 


Island. 


extreme 


range 
Bahrain 
that the 
in urban areas of India 


points out 
malaria 


would seem to indicate an effective flight range 
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TABLE 20 
Stephensi blood meal sources from precipitin 
tests, Bahrain Island, 1948 


Host Number Per cent 


Human f 3.3 
32.0 
25.5 
17.0 
Avian 2.6 
15.0 
Unsatisfactory 1.6 


Equine (presumably donkey ) 
Bovine (cattle) 
Sheep 


Negative 


Total 100.0 


not in excess of 0.5 mile. We have no additional 
observations on flight range to add to the above 


references, 


BREEDING PLACES 


Malaria in the Qatif and al-Hasa oases is 
largely man-made malaria; the great majority 
of anopheline breeding places being the direct 
result of the inefficient irrigation and drainage 
systems which have been constructed in the 
past. Almost all the present anopheline breeding 
areas can be attributed to this source. 

Among the important types of breeding places 
now existing are the following: 

1) Drainage ditches, forming a vast network 
throughout the used to draw off 
At the heads of these 
accumulates in 


oases, are 
excess irrigation water. 
drains, seepage water shallow 
collections, gradually increases in amount, and 
joins similar feeder ditches in a linked system. 
Finally, drains the size of small rivers carry 
excess water to the sea (Qatif area) or to seasonal 
lakes or swamps at the edge of the palm belt 
(al-Hasa). At the heads of these drains, water 
flow is sluggish and intermittent stagnation 
occurs. 

These drainage ditches are usually clogged 
with vegetation such as grass, rushes, and algal 
mats (Fig. 10). From the smallest to the largest, 
they form ideal protected living places for anoph- 
eline larvae. The larger drains may be several 
feet deep and have a swift flow. Here anophe 
lines can still be found (in smaller numbers) in 
protected spots along the margins where emerg 
ent vegetation and algal mats offer protection 
both from the effects of the strong current and 
small fish which may be 


present. In general, 
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Fic. 7 
Photo by 
slow moving, 


the smaller, 


tation-clogged drains form the most 


semi-stagnant, vege 
important 
stephensi breeding places in the oases 

canals, as are of much 
to 


swilt 


2) Irrigation such, 
in contributing 
the flow 
different 
watered 
the 


not 


less importance mosquito 
often 
the 


canals 


and 


ol 


breeding. Usually is 

sections 
The 
margins 
to the extent 


of their drainage counterparts (Fig. 8) 


intermittent while 


garden are being larger 


along do breed 


but 


with vegetation 


some anophelines, nearly 
3) Seepage areas often form along the margins 
Water 


spots 


irrigation canals 
the banks and collects in 


ideal 


ol poorly constructed 
thru 


form 


low 


el ps 


to grassy pools for anophelines 
These are usually free of fish, and larval popula 
tions in favored seepages may be very high. 

4) Ponds are occasionally formed when heavier 
to 


irrigation canals. Larvae are especially numerous 


drains into larger basins adjacent 


sce page 


Large spring at Safwa 


DAGGY 


Qatif oasis 


I. Seal 


in their grassy margins. If the pond is protected 


from heavy wave action, some larvae may be 


taken throughout the entire open-water surface 
}) 
drainage 


ol 


of these shallow water accumulations (Fig 
where 
the 


vary 


formed 
at 


may 


ure col 


the 
Irom 


5) Swamps 
lects in low-lving areas 
These 
areas to swamps acres in extent. 
other 


mosquito 


margins 


palm gardens in size 
small marshy 


In 


tective 


rushes, and 
offe r 
stephensi may 
the 


most Cases, Grasses, 


pro 


vegetation excellent 


breeding places | be found in 


these locations, but larger swamps seem 


more favored by pulcherrimus than by stephensi. 


6) Temporary lakes, sometimes of very great 
extent, form from accumulated garden drainage 
These 


water 


in low areas during the winter months 


are normally dry in midsummer when 


usage is heavy and evaporation rates are high. 
Heavy wave action prevents anopheline breeding 


except for certain portions which mav have 
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Fic 


Photo by 


protective vegetation along the 


Most 


ol these large seasonal lakes have clean shore 


shoreline. 


lines and hence are of no importance in contrib 


uting to the vector population 
Shallow 


7) wells, especially if abandoned or 


used infrequently, form excellent breeding places 


for local anophelines. Usually emergent vegeta 
tion and algal mats furnish ideal protected areas 
around the margins of wells that a 
tial \bandoned 


vrown with 


re still in par 
be 


Unless 


use wells may completely 


fish 


wells as a control measure, 


over vegetation are 
introduced into thes 
stephenst larval populations 
(Fig. 11) 


Ss) 


are usually heavy 


Irlesian lls have been 


we drilled in many 
parts of the Qatif oasis, fewer are found in al 


Hasa 


with 


When properly constructed and equipped 


shut-off valves, they offer no hazard in 


8. Irrigation canal at Safwa (Qatif oasis 


kk. Seal 


themselves. Unfortunately, many of them are 
uncapped and flow continuously (Fig. 9). Others 
have been poorly constructed, leak around the 
casing, or the valves do not shut off properly. 
In these cases, 
the 


result. On some occasions, the water flow 


waste water accumulates around 


well; and ideal 


stephenst breeding areas 
is too 
small to make gardening profitable. The gardens 
are the 


again forming ideal stephensi breeding 


then abandoned, but 
to flow: 


places 


water continues 


9) Borrow pits (especially in the al-Hasa area 
where mud_ brick 
filled 


and early 


construction) 
fall, 
may 
not have vegetation in them, depending 
current 


is used in 


are 


usually with water during winter, 


spring months. They or may 


upon 
use or ideal 


These pits furnish 
stephensi, and 


age 


breeding sites for extremely 
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Fig. 9. Artesian well without control valve (Qatif oasis) 


(Photo by 


heavy larval populations may be found in 


them 
10) Small shallow puddles, entirely of 


utilized 


free 


vegetation, also be 


They 


water, 


MAcroscoptL may 


by stephensi form , from accumula 
of buckets 


used to bring water from deep wells, or other 


may 


tions waste spillage from 


sources. Slephensi is often found in very large 
numbers in these shallow surface-water accumu 
lations 

11) 
the 


level 


The 


( ooler 


during 
to a 
accumula 


ground-water table, especially 
the 


surtace-water 


months of year, may rise 


where shallow 
tions be ‘ome common in low ly ing, water logged 


This 


eXCCSS 


areas rise in ground-water level results 


trom irrigation, water wastage, poor 


drainage, and lowered evaporation rates during 


result wide 


The 


SIZe 


cooler end Is a 


the 


variety, 


weather 
both 
surtace-water 


additional, 
12). 


in large 


in and type, of 


temporary , collections (Fig 


In many cases, anophelines are found 
numbers in the more favored types of breeding 
places thus formed 

12) 


irtificial containers are of no importance 


EE. Seal) 


in furnishing breeding places for stephensi in 


our even though this species utilizes 


OaSCS, 


urban centers such 


In 


such containers in Indian 


as Calcutta and Bombay these cities, ac 
cording to Covell (1944) and others, stephensi 
may be 


tanks, 
receptacles of all kinds 


found breeding in overhead cisterns, 
tubs, roof gutters, discarded tires, and 
In our early mosquito 
surveys in Dammam and al-Khobar, many 
collections of water in such artificial containers 
were examined, but in no case were anophelines 
toy (1931) feels that tanks and cisterns 
are used primarily to tide the species over dry 
that 


during the rainy season (in Calcutta) 


found. 


formed 
the 
true habitat. In our oases, surface-water breeding 


and temporary pools 


seasons, 


are 


places are found throughout the year; and there 


is no need to utilize artificial containers at 
any season. 

13) Rice fields are apparently of no importance 
in stephensi breeding. None was collected from 
rice fields in our surveys, although some were 
the fields. Russell 


and Rao (1940), after intensive surveys of rice 


found in drains from rice 
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Typical drainage ditch 
(Photo by E 


Madras, 
anophelines, but 


collected ten 
stephenst was in 


fields in southeastern 
species ol 
variably absent although found in wells in the 
area. The subject deserves more investigation; 
but from knowledge, it that 
rice cultivation in our oases does not appreciably 


present appears 
increase our malaria problem 

1. stephensi larvae show a remarkably high 
found 
locally in puddles having a thick crust of salt 


tolerance to salinity, being frequently 


around their margins. Chalam (1926) reported 
conditions 
concentration three 
(1943) found 
stephensi breeding in salt pans in Bombay in 


stephensi. breeding under natural 


having a saline 


that of sea 


in water 
times water. Bana 
September and October when these pans are 
used for The diluted 


water. Larvae were also 


raising fish water was 


50 per cent by rain 


found in tanks and drums filled with sea water 


l 


(Qatif oasis) 
E. Seal) 

partially diluted by rain, and even in water 
(specific gravity of 1.030) equivalent in salinity 
to that of sea water. Afridi and Majid (1938) 
reported the upper limit of salinity in which 
they found stephensi on Bahrain to be 2,750 
parts of chlorine per 100,000 (sea water is usually 
about 2,000 parts chlorine per 100,000). From 
these observations, it seems obvious that steph- 
ensi may breed in brackish waters of widely 
varying salinity, and that high salt content is 
no deterrent. 

Normally, stephensi is found in clear, clean 
water, but occasionally we have taken it in 
polluted waters in drains. Roy (1931) has also 
reported stephensi from open drains with foul 
and at times in 
waters in Calcutta. 


water sewage-contaminated 


From the above discussion, it can be seen 


that stephensi utilizes a wide variety of ground- 
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Abandoned well near al-Ajam 
bk 


Photo by 


accumulations for breeding sites 


These 


protec ted margins of large lakes or large swamps, 


water in our 


OUSCS vary in size trom hoofprints to 
from puddles free of vegetation to grass choked 
drains and seepage areas, from stagnant water 
to swiftly 
to 
brackish water, and from clean to highly 
The be 


utilized by 
but 


protected margins and eddies in 


flowing drainage ditches, from sweet 
highly 
polluted 


water 


waters larger swamps may 


less frequently by stephensi than 


other anophelines; the only breeding sites 
totally tree trom stephensi seem to be the large, 
the 


In almost all other accumula 


wave-swept, temporary lakes and small 


artificial containers 


tions of ground water, stephensi may be found 


Lire CycLe OF Anopueces STEPHENS! 


of 
\pparently 


laid at, night wide 


breeding places already 


kges are in a variety 


described 


they are very resistant to desiccation, Chalam 


1927) reporting egg survival for 12 days after 
the 


were allowed to dry on mud at room tem 
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Qatif oasis 


kK. Seal 


When cC 


water, some hatchee 


vos 


peratures were floated off 
although none survived a 
(1931) found steph 
at 
F, but none hatched 7 days after such drying 
Lal (1953) determined the thermal death 


(1-hour 


into 
15-day drying period. Roy 
enst eggs hatching 5 days after drying 51.8 
oint 
to 
be 122.9° F. This means that intermittent drying 
ol irrigation 


os 


exposure time) tor stephensi ( 


“wy 


channels and drainage ditches 
control totally 


as 


a local measure would not be 
effective in eliminating the egg stage 

further Lal did 
larvae 113° F, 


found 


in Lahore, 
hotter than 
occasionally were 
109.4° F 


temperatures, 


In studies 
find 


only 


not 


in water and 


larvae water 
Larvae at 
but pupation did 
not take place. The writer has collected local 


in 


as warm as were active 


these higher 


stephensit larvae in large numbers in 


90° F 
Lal found thermal death points for various 


shallow 
wells at 
93° F 
larval 


and from roadside pools up to 


instars were intermediate between those 


for eggs (122.9° F) and pupae (106.7° F). From 
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Fic. 12. Water-logged areas near ’Anik 
Photo by E. E. 


these data, it is obvious that all aquatic stages 


have considerable resistance to high tempera 
tures in their breeding sites 

Optimum temperature for stephensi develop 
ment was determined by Lal to be 89.6° F. At 
this shortest life eyvele with 


highest percentage of egg hatch and successful 


temperature, the 


pupation occurred. Complete development from 
egg to adult averaged 8.1 days at this tempera- 
ture, some individuals emerging in less than a 
week. The general range of favorable develop 
mental temperatures was set at 77 to 93.2° F, 
In India, Strickland, Roy, and Chaudhuri 
(1936) 


when 


found ste phensi ti be very prevalent 


temperatures were between 77 and 89 
F and relative humidity was about 85 per cent. 
Lal found fourth-stage larvae more resistant 


to low temperatures than any other stage. In 


Qatif oasis) 
Seal) 


Lahore, stephens is reported to pass the winter 
in a state of retarded growth since the colder 
temperatures during December through Febru 
ary (51.8-64.4° F) 


but do not destroy the larval population. 


restrict larval development 
In our oases, winter temperatures are milder. 
below 60° F are 
relatively rare, and mean weekly temperatures 


\verage daily temperatures 


are usually above this point (see Table 6). In 
addition, many of our artesian wells and springs 


are warm and thus provide more favorable 


temperatures for breeding in colder months. 


With 
stephenst can be found in our oases any month 
of the 


our mild winters, adults and larvae of 


year 


although the population density 


varies markedly with seasonal cycles of optimal 


temperature and relative humidity. 
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\NOPHELINE DeNsity IN RELATION TO 
TEMPERATURE AND RELATIVE 
HumIpity 


Dakshinamurty and Sharma (195la) studied 
the temperature and humidity preferences of 
stephensi in the laboratory. When temperature 
to 77° F to 86° F 
constant saturation 


gradients of 68 and 77 
offered 
and light), a definite preference was shown at 
77° F. This choice was said to be highly signifi- 
cant statistically. In these 
investigators (1951b) on humidity preferences 


light), the 


were 


(with deficiency 


similar studies by 


(with constant temperatures and 
following results were recorded: 

1) at above 86° F, 

preferred higher humidities to lower. 


at temperatures below 86 


temperatures stephensi 
F, stephensi 
showed no preferences when 20 to 60%, 
10 to 60%, and 60 to 80° RH were of 
fered. When 80 to 100°, RH were offered, 

they preferred 80%. 
Mayne (1930) has studied the survival of 
stephensi and culicifacies adults kept at different 
humidities. His results are 


temperatures and 


summarized as follows: 


Temperature RH 


Species 
I range (°F) 


Days survival 
80-87 40 

85-94 55-5 

85-86 SO 

85-86 SO 

SO-93 40-46 


1. ste phe ns 


A. culicifacies 


Pal (1943), in 
utilizing obtained the 
following data showing the effects of variations 
of high temperatures with different RH: 


more extensive experiments 


Anopheles culicifacies, 


Temperature (°F) RH 


Days survival 


65 SO 33 


vi 20 14 
77 60 28 
86 20 

S6 60 

95 20 

95 80 

104 20-100 


122 20 


hours 
minutes) 


\lthough Sinton and Shute (1938) indicate 
that stephensi may outlive culicifacies at lower 
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humidities, the data listed above 


apply quite closely to stephensi. The dramatic 


probably 


effect of low RH in reducing longevity is well 
illustrated by these data. It is evident that an 
increase in humidity can compensate for an 

temperature (within limits), but 
compensation for extremely 
temperatures by increased humidity is impossi- 


increase in 
adequate high 
ble. This becomes a matter of great importance 
in the local epidemiology of malaria in our 
oases. 

Adult anophelines are usually very susceptible 
to high temperatures. Short exposures to tem- 
peratures in the range 104° to 113° F may prove 
quickly fatal (Muirhead-Thomson, 1951). Cer- 
tain 


microclimates thus become important in 


tiding over adults through these 


unfavorably high temperatures. 


periods of 


A most interesting reaction to high tempera 
tures and low RH can be observed in the local, 
native barastis which furnish daytime resting 
places for adult stephensi. In the spring and fall, 
humidities are most 
favorable, adults may be found resting on the 
ceiling and upper portions of the walls. As 
maximum summer temperatures approach, 
accompanied by lower RH, there is a definite 
vertical shift downward toward the floor levels. 


when temperatures and 


Thus, on the hottest, driest days anophelines 
are not only rare but are almost always found 
on the earthen floor itself or resting a few inches 
above it. During these observations, room tem- 
104 to 106°; even at 
floor level, temperatures of 100° F were recorded. 
In many cases, the mosquitoes would be clus- 
tered 


peratures reached and 


earthen water 
jars when these were found in barastis. This 


around the “sweating” 
downward dispersal is an obvious selection of 
cooler, more humid resting places to survive 
the most critical temperature period in their 
seasonal life cycle. 

Another example of selection of most favor- 


able microclimates under extremes of tempera- 


ture was first noted in making adult mosquito 
collections in a barasti near al-Khobar in July 
and August, 1948. On several different days, 
barasti room recorded at 
103 to 106 
during this same period at Ras Tanura reached 
116° F. 


in the barasti, but all of them were concentrated 


temperatures were 


F. Maximum outdoor temperatures 
Only a few adult fluviatilis were found 


in small crevices in a rough stone wall where, 
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by contrast, the microclimate temperature was 
97° F. Presumably, more favorable humidity 
conditions also existed in this microhabitat, 
but these were not measured. 

This direct relationship between fluctuating 
anopheline densities and seasonal malaria mor- 
bidity is shown in Fig. 13. Anopheline counts 
shown in the figure were made in a favored, 
daytime, resting place in a Saihat barasti at 
the edge of a palm garden. A 15-minute collec- 
tion by aspirator, made twice each month by 
the writer, gave the data used in plotting the 
With 


exceptions, almost all the anophelines collected 


anopheline-density curve. very minor 


were A. stephensi (99.5%). Even though this 


represents adult-mosquito collections from a 
single resting place, the general pattern shown 
selected 
barastis used as collection sites in various parts 


of the Qatif oasis. Thus, we feel that the curve 


here was repeated in several other 


shown is generally indicative of the seasonal 
fluctuation in anopheline population density. 

The peak count of 371 made on May 1, 1948 
only the speed of the 


collector in using an aspirator since only a small 


represents maximum 
portion of the room was sampled. The previous 
fall peak 
higher if the collector had been equally adept 


may have been equally as high or 
at the beginning of the shelter-collection study. 
When populations were at a minimum in July 
and August, the whole room would be covered 
in a 15-minute search, usually at ground level, 
in order to find any mosquitoes at all. 

In general, weather conditions over the 
period covered by the chart were close to the 
Table 6. However, during 
the 1947 fall peak, October, the latter part of 


November and 


averages shown in 


most of December were some 
what more humid and November temperatures 
somewhat warmer than the average (see Table 
24). March and early April, 1948, were some- 
what cooler, and this might help explain the 
lag and sudden spurt in attaining peak anoph- 
cline densities in early spring (1948) as shown 
in Fig. 13 

The two weeks in mid-May and each week 
in June and July, 1948 showed weekly mean 
humidities lower than usual, dropping sharply 


in May to critical levels. In June, mean RH was 
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40.8 per cent, 10.4 per cent below the normal 
for that month. This may explain the corre- 
sponding sharp June drop in anopheline densities 
shown in the curve. However, if such collections 
could have been repeated over several years, 
we feel that a smoother anopheline density curve 
would have resulted. At any rate, the general 
pattern shown here is probably characteristic 
and certainly is well correlated with spring 
and fall peaks in malaria morbidity which fol- 
lowed peak anopheline populations. 

In summary, we can reiterate that the anoph- 
eline population is at its lowest ebb during 
the midsummer months of July and August, 
when temperatures are highest and RH are 
lowest. The vector population increases rather 
suddenly in October as a result of optimum 
mosquito-life-cycle temperatures (90° F) reached 
a few weeks earlier (September), and remains 
at a fall peak during October and early Novem- 
ber. (As additional supporting evidence, our 
largest single light-trap collections during the 
period from October, 1948 thru July, 1950 oc- 
curred on October 11, 1948 and November 8, 
1949). This peak vector population results in a 
great malaria cases in November 
With advent of 
weather, the life cycle is extended and the popu- 
reduced to 


increase in 
and early December. cooler 
winter level in 
late January and early February. This is coin- 


lation is its lowest 
cident with lowest winter temperatures. It is 
that the 
densities are 


of special interest to note winter 


still 
higher than the summer-minimal densities. This 


minimal-vector-population 


is in direct response to the more critical summer 


conditions of temperature extremes combined 
RH. this critical summer 


period, individual vector longevity is also at a 


with low During 
minimum. 

As spring temperatures increase and humidity 
remains favorable, the anopheline population 
increases until a maximum is reached in mid-April 
May. This 
peak in anopheline population and is reflected 
in the peak which 
follows a month later. This morbidity 


and early represents the spring 


spring 
about 


malaria-morbidity 


lag, both in spring and fall, is readily explained 


by the time required for extrinsic and intrinsic 
incubation periods in the vector mosquito and 
human host. 
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PART IV. SEASONAL VARIATION IN MALARIA MORBIDITY 


The seasonal periodicity of malaria in the oases 
of eastern Saudi Arabia is one of the most inter- 
esting phases of the epidemiology of the disease 
in the area. The relationship between vector 
density and malaria incidence is usually so close 
that it has come to be axiomatic in malariology. 
Usually seasonal fluctuations in malaria mor- 
bidity are attributed to seasonal variations af- 
fecting the vector population, but effects of tem- 
perature on parasite development in the mosquito 
host and seasonal changes in behavior of the 
human host with different temperature-humidity 
conditions are also important factors in the local 
epidemiology of oasis malaria. 

Seasonal rises in incidence are characteristic 
each spring and fall with May representing the 
culmination of the spring malaria season and 
November the peak for the fall season. Outside 
of these two transitional seasons, the excessively 
hot summers and the cool winters are relatively 
malaria-free. Of special epidemiological interest 
is the fact that our hot dry summer months usu- 
ally show the lowest monthly morbidity rates of 
the year (Figs. 16-19). 

This uneven seasonal distribution of cases is 
shown in Figure 14 where mean monthly mor- 
bidity rates (1941-1957) are plotted with mean 
proportionate mortality rates. The seasonal 
pattern in frequency of cases is paralleled by 
seasonal differences in malaria death rates. Indi- 
vidual monthly malaria morbidity rates over this 
same period are given in Tables 21 and 22. These 
data are separated into two tables to illustrate 
monthly rates both before and after malaria con- 
trol with residual sprays. 


FACTORS DETERMINING SEASONAL DISTRIBUTION 


Seasonal variation in incidence is a constant 
feature of most endemic malaria in the subtropics. 
Local examples of the great variations that may 
occur from month to month and year to year are 
shown in the accompanying tables. In northern 
Indis., where a somewhat similar seasonal pattern 
occurs, the fall rise is usually caused by an in- 
crease in both vivax and falciparum infections. 
Usually the incidence begins with a preponder- 
ance of vivax, and falciparum increases as the peak 
of the curve is reached. Following a decline from 
peak, malariae may become more conspicuous (as 
a result of residual infections) especially during 
the winter months (Gill, 1938). 


Unfortunately, for 1947 (the last year before 
control measures were instituted) and for most 
earlier years, we do not have accurate data on 
species of parasite involved in the development 
of this local seasonal epidemic rise. The demands 
on the Aramco hospital laboratories were so great 
during this peak season that almost 80 per cent of 
the malaria cases had to be diagnosed clinically. 
The remainder were identified as falciparum 
(18%) and vivax (3%). Hospital facilities were so 
taxed in the November-December epidemic of 
that year that arbitrary allocations of hospital 
beds to fevers of 102° F and above were made. 
Lesser degrees of fever had to be treated on an 
out-patient basis with employees remaining in 
quarters during their illness! As a result of this 
crisis, some potentially very interesting statistical 
data on species composition of seasonal waves 
could not be collected and are not available else- 
where. 

Rainfall. In the area of our studies, the seasonal 
winter rainfall is of little or no importance in the 
epidemiology of malaria. Conceivably, heavy 
winter rainfall, especially late in the season, may 
contribute to more extensive breeding places for 
anophelines during the spring malaria season. 
But in most of our irrigated oasis areas excess 
rainfall is largely carried away by the network of 
drainage canals involved in the local irrigation 
system. In any event, breeding places exist in 
quantity the year round; and any increase in 
surface-water accumulation is more definitely 
connected with seasonal changes in need for irri- 
gation water, in relative humidity, and in evap- 
oration rates which in turn affect the water table. 
Under these unusual circumstances no local rain- 
fall is needed to maintain a high level of endemic 
malaria in the oases under study. 

Relative humidity. Humidity plays a far more 
important role than rainfall. Its most important 
effect is on the longevity of the anopheline vector. 
Low RH shortens the life span of the mosquito. 
When this life span drops below the minimum 
extrinsic incubation period, transmission obvi- 
ously stops. Humidity also affects biting habits; 
mosquitoes are more active and feed more fre- 
quently under hot, humid conditions. Hence 
chances for an infective bite are increased. 

We feel there is good reason to believe that the 
drop in RH to an unfavorable level in early 
summer abruptly shortens vector longevity and 
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TABLE 21 
Pre-control malaria morbidity rates per 10,000 in Saudi Arab employees* Arabian American Oil Company, 
1941-1948 





Jan | Feb Mar Apr May 


£ 
2 
g 


June | July Aug Nov Dec 





| 

66.5 |109.1 
108.8 | 84.0 |136.6 
98.1 | 21.6 | 67.7 
97.5 | 69.2 |231.3 
19.7 | 66.6 | 49.4 
67.4 | 55.3 | 67.9 
26.3 

6 


30.2 
181.4 
177.7 
190.0 

55.7 
109.0 
120.9 
209.0 


47.8 118.9 
380.3 
195.4 
235.8 
134.6 
105.7 
254.6 
182.2 


79.0 

71.4 
159.8 
154.7 
114.7 
126.4 
244.7 
147.5 


229.2 445.9 
149.6 
721.8 
173.6 


161.9 


394.7 
314.4 
434.6 
100.9 
265.9 
112.8 |134.3 
638.8 |277.1 
Control 


SSS58 
-— «I 
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or oorosh 


~— 
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92.9 /1 190.2 


120.8 |118.6 | 26.7 


BRNS.REE 
on 00 im 00 GO I I 
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with DDT 
residual 
sprays be- 
gan Oct. 
1948 





| 


Mean..... 134.2 81.6 200.9 











76.0 1109.9 


137.3 


95.6 | 86.9 | 48.5 |118.7 |343.5 |274.6 























1,631.2 





* Some non-employees may be included through March 1947. 

t These annual totals will differ somewhat from those given in Table 7 and in Figure 20 where mid- 
year (June) employee populations were used in calculations of overall annual morbidity rates. In this 
table, monthly employee populations were used in calculation of monthly rates. The annual rates shown 


here are sums of the monthly rates. 


cuts transmission sharply in our oases. A sudden 
return to favorable humidity permits longevity 
to increase so that transmission again proceeds 
unchecked providing temperatures are favorable. 
This results in a dramatic fall increase in our 
malaria incidence each year. 

Temperature. The effects of temperature are 
difficult to separate from those of RH. A thresh- 
old temperature of 60° F is considered necessary 
before any Plasmodium can complete its develop- 
ment. Locally, mean daily temperatures below 
these low levels may be reached; but they are 
seldom maintained for more than a few days. 
Occasionally, mean monthly temperatures as low 
as 56° F may be reached in January and Feb- 
ruary; but 12-year averages show 60° F or above 
to be more normal even for the coldest months. 
For all practical purposes then, our lowest winter 
temperatures may greatly extend the extrinsic 
incubation period and reduce vector populations; 
but they probably do not totally prohibit the 
transmission of vivax or malariae malaria in these 
coastal areas. Falciparum malaria may be af- 
fected for a few of the colder weeks of the year. 
Malaria morbidity may thus be at a very low 
level in winter, but some transmission can theo- 
retically continue even during the coldest months 
of the year. 


A critical temperature exists at a higher level 
where anophelines can survive (if humidity is 
favorable), but sporozoite development in the 
vector is not completed. This limiting effect of 
high temperatures on malaria transmission occurs 
in the range of 90 to 95° F and varies somewhat 
for different species and strains of malaria para- 
sites. These high temperatures can “sterilize” an 
already infected mosquito if exposure continues 
for only a few hours. Stratman-Thomas (1940) 
found vivax more susceptible to high temperatures 
than to low since even at 90° F oocysts did not 
go on to develop sporozoites. Our local mean 
temperatures reach these critical ranges during 
the summer. Mean weekly temperatures above 
90° F normally occur over a 10-week period in 
late June, July, August and early September. 

Relative humidity also reaches its lowest level 
during the early part of this summer period. 
Certainly the combination of high temperatures 
and low RH has a dramatic effect on suppressing 
malaria transmission locally. As a result, our 
mid-summer months are, relatively, our most 
malaria-free period. 

The combined action of high temperature and 
high humidity on the human host is another local 
factor of epidemiological importance. During the 
late summer and early fall, a most uncomfortable 
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TABLE 22 


Post-control malaria morbidity rates per 10,000 in Saudi Arab employees, Arabian American Oil Company, 
1948-1957 





| Jan | Feb 


| 


Year | Mar Apr | May | 


June 


July Aug | Sept Nov Dec | Annual* 





1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
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malaria control until October 1948 


22.3 
18.5 
37.4 
46.6 
62.4 
330.8 


20.4 |(1, 132.0) 
11.0 
31.6 
13.8 
10.1 
51.6 
129.7 
19.4 
3.0 
0.8 
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1948-57 mean 110.6 5.0 | 5.8 


| 13.8 | 23.5 | 88.7 | 29.1 





1941-57 mean 68.8 441.1 [38.9 


56.0 jot. | 72.9 


68.4 130.2 





1958 fs2|aa[oo| os| o0| 24 

















| 
| 
| 0 | 30.1 
| 


16/; 0.8; 4.9| 5.8; 5.8] 0.8 








* These annual totals will differ somewhat from those given in Fig. 20 where midyear (June) employee 
populations were used in calculations of overall annual morbidity rates. In this table, monthly em- 
ployee populations were used in calculation of monthly rates. The annual totals shown here are sums 


of the monthly totals. 


combination of high temperature and high humid- 
ity results in large numbers of people sleeping out 
of doors or on rooftops in the villages in order to 
allow a slight breeze to increase their comfort at 
night. Thus human exposure is increased at pre- 
cisely the same time that conditions of temper- 
ature and humidity become optimal for vector 
and parasite. This only emphasizes the sudden 
normal rise in malaria incidence in November. 


TEMPERATURE AND HUMIDITY EFFECTS ON 
FREQUENCY OF INFECTIVE BLOOD MEALS 


The first blood meal of an adult female stephensi 
is usually taken during its first night, 8 to 24 
hours after emergence from the pupa (Knowles 
and Basu, 1943). The frequency of subsequent 
feeds is dependent on rate of digestion, which 
varies with season; being slower in winter and 
more rapid in summer. It is most rapid in hot, 
humid weather. At these times blood meals may 
be taken nightly. This effect of hot, humid weather 
in increasing the frequency of blood meals is an- 
other important ecological factor helping to ex- 
plain the rapid build-up of our malaria cases in 
November, immediately following the period of 
hot, humid weather (September and October) so 
characteristic of late summer throughout the 
Persian Gulf area. 


June, July and August are hot, dry months 
(see tables on weather data). Mayne (1930), in 
India, noted that in these hot, dry months diges- 
tion of blood in engorged mosquitoes required 3 
to 5 days; but that when RH was increased, the 
intestinal tract was cleared in 1 to 3 days. This 
probably means that the number of blood meals 
in our vector anophelines is necessarily decreased 
during this hot, dry period; thus decreasing the 
chances of the vector anopheline to obtain an 
infective blood meal. 


INFLUENCE OF TEMPERATURE ON VECTOR 
INFECTION IN RELATION TO GAMETOCYTE 
DENSITY 


Density and sex ratio of gametocytes vary 
widely from one patient to the next and at dif- 
ferent periods of acute illness. It is interesting to 
note that temperature during the extrinsic incu- 
bation period may influence the “take”, partic- 
ularly when gametocyte densities in the human 
host are low. Knowles and Basu (1943) found 
that incidence of infection in stephensi artificially 
infected with vivax and falciparum varied directly 
with gametocyte density. In studies with falci- 
parum, no mosquito infections occurred with 
gametocyte densities below 100 per mm!’ when in- 
cubated at 70° F. When incubation temperatures 
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were raised to 80 to 90°, infection did take place 
at these low densities. 

Again this is important in our local epidemi- 
ology of malaria. The chances of successful vector 
infection with low gametocyte densities in the 
human host are thus increased when incubation 
temperatures rise to 80 to 90° F as opposed to 
incubation at 70° F. These higher temperatures 
prevail in late summer when favorable humidities 
coincide with other optimal factors to result in 
our maximal seasonal morbidity in November. 


TEMPERATURE AND HUMIDITY EFFECTS ON 
EXTRINSIC INCUBATION PERIOD 


The detailed effects of varying temperatures 
and humidities on malaria parasite development 
in various vector species have been the subject of 
many investigations. Apparently, there are minor 
differences in these reactions in strains (of the 
same species) as well as in species of the parasite. 
Minor differences are also dependent upon the 
particular vector in question. Indian strains of 
vivax and falciparum apparently continue to de- 
velop at higher temperatures (maximum about 
90° F) than strains from more temperate regions 
(Siddons, 1944). Since Arabian strains may be 
similar to Indian, we have relied largely upon ex- 
perimental data in the literature describing 
studies made in India, on Indian strains of the 
parasite developing in stephensi or in a companion 
species, culicifacies. 

After reviewing the investigations of Mayne 
(1930), Strickland, Roy and Chaudhuri (1933, 
1936), Knowles and Basu (1943), and Siddons 
(1944) in India on parasite development and 
those of Pal (1943), Dakshinamurty and Sharma 
(195la, 1951b), and Lal (1953) on vector devel- 
opment, a synoptic temperature-humidity scale 
for evaluating our malaria epidemiology was de- 
veloped (Table 23). 

In comparing this scale with our average local 
temperature-humidity conditions (Table 6 and 
Fig. 15), these facts become important in local 
epidemiology of malaria. In an average year: 

1) Winter mean temperatures do not go below 

thresholds for parasite or vector; hence 
transmission can proceed slowly and at a 
very low level even during the coldest 
months of the year. 

When spring and fall optimum extrinsic in- 
cubation period (EIP) temperatures of 80 
to 82° F are reached, relative humidity is at 
a favorable 60% or higher in these oases. 


257 


3) When late spring and early fall higher-than- 
optimum EIP temperatures reach 86° F 
(upper limit of favorable range), the ac- 
companying mean RH are relatively un- 
favorable (under 60%) for vector longevity 
needed for completion of EIP. 

In effect, 86° F becomes a controlling tem- 
perature in our local malaria epidemiology, 
above which parasite development is more 
and more retarded. Transmission is further 
reduced because accompanying low RH 
(usually occurring with 86° F and above) 
reduces vector longevity to a point where 
parasites cannot complete their develop- 
ment before the vector dies. 

At 90° F, parasite development almost 
ceases in spite of any high humidity which 
may accompany these high temperatures to 
favor vector survival. 

Applying the data summarized in Table 23, 
we can test the above assumptions by applying 
them to our standard, seasonal, pattern of malaria 
morbidity derived from precontrol, mean monthly- 
morbidity rates (1941-1948), mean weekly tem- 
peratures (1945-1956), and mean weekly 0900 
humidities (1945-1949). The interrelationships of 
these data are shown in Fig. 15. 


STANDARD SEASONAL PATTERN IN MALARIA 
MORBIDITY 


A standard seasonal pattern of mean, monthly 
malaria morbidity in relation to mean weekly 
temperatures and RH (from 0900 readings) has 
been constructed from data previously outlined. 
In our hypothetical standard malaria cycle (Fig. 
15), temperatures of 70 to 86° F, favorable for 
parasites, with 60 per cent mean RH, begin in 
late March. Optimum temperatures for para- 
site development in the anopheline host (80-82°) 
are reached about May 1.2 By the end of May, 
86° F, the upper limit of the range, favorable 
to parasites, has been reached; but by mid-May 
the mean RH is becoming relatively unfavorable 
for the vector, dropping to 57 per cent. Although 
optimum  vector-developmental temperatures 
(90° F) have not yet been reached by mid-May, 
the decrease in RH beginning at this time tends to 
make conditions unfavorable for adult stephensi 


2 In the fall, this parasite optimum is preceded 
by the vector optimum; hence a much larger vector 
population is available to take advantage of op- 
timum parasite temperatures. This ‘‘advantage’’ 
does not occur in the spring. 
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TABLE 23 
Temperature-humidity effects on malaria transmission 








ECTOR 
TRANSMISSION 





—-— ——-—-—— ~EIP Temperature Limits- — - - -—- — — — 


o 
Q 


No transmission. 


High relative humidity 
not essential for 
transmis sion in this 
temperature range. 
Transmission occurs 
readily at 60% R.H. 
and above - even as 
low as 45%-50% R.H. 


: 


Higher humidity 
becomes increasingly 
important with higher 
temperatures in this 
range. 60%-70% R.H. 
required by vector for 
EIP survival and 
transmission. 


Little or no trans- 
mis sion. 


_ 
m% 


g 


No sporozoites 
develop. 

No transmission 
ocews. 

Higher humidity 
cannot compensate 
for temperature 
extremes in this 
range to allow 
necessary vector 
survival. 


MEAN 
TEMP. - HUMIDITY 


PARASITE 


DEVELOPMENT 





50° with 50-100% R.H. 


60° 
65° with 80% R.H. 


70° 


77° with 60% R.H. 


77° with 20% R.H. 
80°-82° 


86° with 60% R.H. 


86° with 20% R.H. 


86° 


90° 


93° 
94° 
95° with 80% R.H. 
95° with 20% R.H. 


99° 


104° with 20%-100% R.H. 


107° 


122° with 20% R.H. 


123° 


NOTE: EIP = Extrinsic Incubation Period. 


No development. 


THRESHOLD. 


Lower limit of 
favorable range, 
14-15 days EIP. 


OPTIMUM - 
heaviest spor- 
ozoite develop- 
ment, 10-11 days 
EIP. 


EIP 8-9 days. 


Upper limit of 
favorable range. 


CRITICAL - few 
of no sporozoites 
formed in 9 days 
EIP. 


A 
—— ee — SW] amivedwey dig witth—nsiaaael 


< 


Oocysts disintegrate. 


VECTOR 
DEVELOPMENT 


Above vector THRESHOLD 
but development retarded. 


Improved development but still 
slow. 


Adults survive 33 days. 


Lower limits of favorable 
range. Adults survive 28 days. 


Adults survive 14 days. 


Adults survive 18 days. 
Adults survive only 6 days 


(sporozoite development 
impossible). 


OPTIMUM - life cycle reduced 
to 7-8 days. 


Upper limit of favorable range. 


Adults survive 10 days. 
Adults survive only 6 days. 


Larvae develop rapidly, but 
do not pupate. 


CRITICAL - adults survive 
only 19 hours. 


Thermal death point for pupae 
(1 hour exposure). 


Adults survive only 5 minute 
exposure. 


Thermal death point for eggs 
(1 hou exposure). 
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Fia. 15. Standard seasonal pattern of malaria morbidity in relation to temperature and humidity, Qatif 
oasis 


longevity. Presumably, if RH were to remain at 
60 per cent (preferably above this figure with the 
higher temperatures), the vector population 
might continue to increase throughout the favor- 
able-temperature range for vector development 
(77°-93° F). But instead, humidities become even 
more unfavorable and remain so until late August 
when 55-60 per cent RH is again reached thus 
ending the “dry” portion of the summer. As a 
result of this early summer combination of high 
temperatures and lowered humidity, decreased 
malaria transmission occurs; and the June mor- 
bidity rate normally heralds the beginning of the 
summer decline. 

Through the hot summer (late May, June, July 
and early August), mean RH remains low and 
thus keeps the vector population in check or 
short-lived and ineffective as vectors. Mean tem- 
peratures continue to increase until 90° F is 
reached late in June. Temperatures remain at 
90° F or above (weekly means of 92-94° F in July 
and most of August) until early September. Even 
though the more favorable humidity beginning 
in late August might allow some improvement in 


vector survival during the latter part of this 
period, the 90° F + critical temperatures in them- 
selves effectively reduce or halt parasite develop- 
ment. Thus July, August and September are 
usually our least malarious months (see Figs. 
15-19). 

Once mean temperatures begin to drop below 
90° F in mid-September, favorable transmission 
conditions begin to reappear. Optimum vector- 
developmental temperatures (90° F) begin in 
early September, allowing a long period for maxi- 
mum population build-up in the vector before the 
EIP optimum is reached. This is followed by 
temperatures (86-70° F) favorable for parasites 
in late September through November. Optimum 
EIP temperatures (80-82°) occur in mid-October 
about 6 weeks after the vector optimum is reached. 
With favorable humidities during this period 
(above 60%), a large vector population with 
sufficient longevity is at hand to take advantage 
of the ideal transmission conditions in October.* 


§ This is theoretically the reverse of the spring 
situation where temperatures optimum for vectors 
are obviated by low humidities before the popu- 
lation can increase to its ‘‘temperature potential.”’ 
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Still another effect of temperature-humidity is 
added in favor of increased transmission at this 
time. During the preceding hot, humid months, 
the human-host population has reverted to roof 
tops or to outdoor courtyards for more comfort- 
able rest at night. This seasonal habit continues 
into the beginning of the transmission season and 
thus improves the man-mosquito contact poten- 
tial. Thus, still another favorable factor is added 
to this juxtaposition of transmission optima oc- 
curring in October. 

Another coincidence is the increase in water 
surface for mosquito breeding that accompanies 
the decrease in temperature and increase in RH. 
This is due largely to local irrigation practice, in 
which the land under cultivation is necessarily 
restricted to the amount of water needed and 
available for irrigation during the hottest and 
driest summer months. During the early fall, ir- 
rigation needs are less; but the same quantities 
of water flow from springs and uncapped artesian 
wells regardless of decrease in seasonal needs. 
This excess irrigation water accumulates, water- 
logging the soil, raising the water table, and in- 
creasing the surface water to form additional 
breeding places for stephensi at this time. 

This sudden overlap of favorable conditions in 
October: optimum EIP temperatures, maximum 
vector population, extended vector longevity for 
parasite incubation, more frequent feedings by 
vector, improved mosquito infection at lower 
gametocyte densities, and increased exposure of 
the human host, is “triggered” by the sudden 
return of favorable humidity. The result is a spec- 
tacular increase in fall malaria as shown (after 
appropriate incubation lags) by our November 
peak-morbidity rates. 

By mid-November, mean temperatures have 
dropped below the favored range for stephensi 
(93°-77° F) and, by the end of the month, below 
the favored range for parasite development (86°- 
70°). Thus, in spite of favorable humidity, cooler 
weather acts as an effective check on trans- 
mission. December and January morbidity 
rates decline, reaching winter lows in February 
and March. With the increase in temperature in 
early spring, the seasonal cycle begins again. 

With minor seasonal shifts, this same pattern 
is seen in all of our monthly morbidity data 
(Tables 21 and 22). A characteristic seasonal 
curve (Fig. 15) with a gradual rise in spring to a 
May peak; a rather sharp drop with hot, dry 
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weather in July to minimal seasonal morbidities 
during the summer; an abrupt increase set off by 
favorable humidity and more moderate temper- 
atures resulting in a spectacular fall peak in No- 
vember; is repeated year after year. 

In order to compare actual malaria experience 
with the standard year (Fig. 15), similar graphs 
have been plotted for 1945 (when Ras Tanura 
weather data first became available) thru 1948 
(Figs. 16-19). In October, 1948, the first DDT 
residual sprays were applied resulting in the un- 
usually low November-December rates which 
followed the initial use of this control technique. 
In general, the same morbidity pattern is shown 
in these figures although variations in morbidity 
rates do occur. Factors responsible for these vari- 
ations are discussed below. 


ConTROLLING Errects or Criticat EIP 
TEMPERATURES OF 90°F AND ABOVE 


The year 1945 was characterized by an un- 
usually long, hot summer (see Fig. 16). June, 
July, August and the first 2 weeks of September 
averaged above 90° F. The only year in our 12 
years of weather data (1945-1956) surpassing 
1945 was 1951 in which 90° F + temperatures per- 
sisted a week longer. Mean monthly RH during 
this hot summer of 1945 was above average, close 
to 60 per cent or above (June, mean +7.2%; 
July, mean +8.8%; August, mean +7.8%; Sep- 
tember, mean +6.3%; and October, mean 
+7.0%). 

Since the June-to-early-September temper- 
atures were above the critical EIP temperature 
of 90° F, transmission was almost nil during this 
period. The higher-than-average humidities tend- 
ing to favor vector survival could not compensate 
for these extremes in temperature critical for the 
parasite. As a result, the July-September 1945 
morbidity rates were the lowest recorded for 
those precontrol years where temperature data 
are available for analysis (1945-1948). These 
monthly rates are: July, 23.7/10,000 (mean 
—71.9); August, 38.1/10,000 (mean —48.8); 
September, 10.8/10,000 (mean —37.7) (see Table 
21). 

Late October, 1945, continued warmer than 
usual, with mean temperatures in the 3rd week 
of 84.4° F (mean +3.1°) and in the 4th week of 
81.4° (mean +2.3°). Thus, the normal optimum 
EIP temperatures of 80° to 82°, when they did 
arrive, were delayed from the normally expected 
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Fic. 16. Seasonal malaria incidence in relation to temperature and humidity, Qatif oasis, 1945 
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7. Seasonal malaria incidence in relation to temperature and humidity, Qatif oasis, 1946 





RICHARD H. DAGGY 





Extrinsic Incubation Period 
Temperoture 
0900 Relative Humidity 


Er 


"TT" ] Malaria Morbidity 




















i 
' 
4 


Se 
Decline to 

Unfavorable ' Favorable 
Humidity , 4 Humidity 





Monthly Morbidity Rate Per 10,000 
w 
ra 


AuUPIWN,y CANO fy PUS esnjposedum, Ajyeey UOOW 



































EIP = Extrinsic Incubation Period 
- Temperature 
~ - 0900 Relative Humidity a. 


E i Malaria Morbidity 








s 








w 
y 
oO 
ee otietetette 01 
ee er 





8 


Return to 
Favorable 
_| Humidity 


Decline to 
Unfevorable 
————— 


— 
' 


) 





3 


Se eer 





8 





Monthly Morbidity Rate Per 10,000 











AsiPiwinyy @A1s0j@y pu© esnyoredum , A) yoo UOSW 


Control with ODOT 
Begins 





t 




































































Fic. 19. Seasonal malaria incidence in relation to temperature and humidity, Qatif oasis, 1948 
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period in mid-October to the last week of October 
and early November in 1945. As a result, the 
1945 fall peak in morbidity was delayed accord- 
ingly, occurring in December instead of Novem- 
ber (Fig. 16). 

This is our best example of the primary control 
exerted by high temperatures directly on the 
parasite. The higher-than-average humidities 
may have mitigated the effects of extreme tem- 
peratures on the vector, but these more favorable 
humidities had no effect in improving malaria 
transmission at these critical parasite temper- 
ature levels. 


RetTaRDING Errects or LOWER-THAN- 
AVERAGE TEMPERATURES 

The April, 1948, morbidity of 26.7/10,000 is an 
example of a subaverage (mean —83.2) spring 
morbidity rate apparently due to effects of sub- 
average temperatures. On analysis of weather 
records, both March and early April, 1948, were 
found to be cooler than usual. This 6-week period 
showed weekly temperature differences consider- 
ably lower than average: 62.9° F (mean —2.8°); 
63.0° (mean —4.0°); 64.1° (mean —3.2°); 71.3° 
(mean +1.3°); 69.6° (mean —2.4°); and 73.4° 
(mean —2.0°). Not only were these cooler-than- 
normal temperatures keeping the EIP at almost 
threshold levels as far as development of the para- 
site was concerned, but the usual increase in 
vector population was also retarded. This meant 
that normal vector attrition was occurring with- 
out normal replacement. This effect on vector 
population is possibly reflected in the unusual dip 
in anopheline population curve shown for March 
and early April, 1948, in Figure 13. The end result 
was an unusually low April morbidity (Fig. 19). 
Once April temperatures began to increase and 
approach normal means, transmission improved 
and May morbidity rates reflected these more 
normal conditions. 


Masor SEASONAL Eprmpemics 


Even a cursory examination of available pre- 
control morbidity data (Table 21) will show some 
years and some seasons to be more malarious 
than others. November epidemics in 1943 and 
1947 are good examples of these major seasonal 
outbreaks. A review of accompanying weather 
data preceding these unusual peaks can usually 
assist in giving an explanation in terms of vari- 
ation from the standard climatic pattern just 
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portrayed. One example of such a major seasonal 
epidemic can be found in November, 1947 (Fig. 
18). Weather data are available to help recon- 
struct some of the factors probably responsible. 
From such a reconstruction, criteria for predic- 
tion can be developed. 


Prepictinc UnusuaL Fatt Morsipiry 


Since unusual fall and spring epidemics of un- 
controlled malaria may put an excessive burden 
on local medical-care facilities, it may be of con- 
siderable importance to be able to predict such 
heavy seasonal outbreaks in advance so that ade- 
quate preparation can be made for patient care. 

In order to study the possibility of such pre- 
diction, the fall, 1947, outbreak was chosen to 
represent a major seasonal epidemic, while fall, 
1946, represented an unusually light season. 
These years were selected from the precontrol 
period, 1941 to 1948, on the basis of their maximal 
and minimal November morbidity rates.‘ Dif- 
ferences in fall and spring morbidity rates and 
related weather conditions from expected means 
are given in Table 24. More graphic presentations 
of the malaria situation in the years 1946 and 
1947 are given in Figures 17 and 18. 

During the 1947 fall season, favorable vector 
temperatures (93°-77° F) began the last week in 
July, about 2 weeks earlier than usual and lasted 
through the 3rd week in November (15 weeks). 
These more favorable temperatures occurring 
earlier and lasting longer than usual could have 
allowed an unusually long period for unusually 
high vector densities to develop. But during this 
period the high mean temperatures of August- 
September (90°-85° F) were still relatively un- 
favorable for the parasite. Temperatures during 
these months were only beginning their decline 
from the critical level inhibiting parasite develop- 
ment. 

In October, 1947, these relatively unfavorable 
situations changed suddenly, particularly in re- 
gard to humidity. Mean temperatures gradually 
approximated the parasite optimum (80°-82° F). 
Relative humidity, however, increased from be- 
low 60 per cent during 3 September weeks to 
above 70 per cent during 3 October weeks; a 
highly unusual but highly favorable humidity for 
the vector in this temperature range. 

Thus, in retrospect, an unusually long and 


* 1943 was obviously an epidemic year as well, 
but weather data are not available for analysis. 
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TABLE 24 
Temperature-humidity analysis of Fall and Spring malaria epidemics, Qatif Oasis 


Standard fall malaria season 


Month 


Mean | Mean 
temp.? | R.H.* 


92.5° | 50.1% 
88.1° | 58.4% 
.| 118.7 | 81.7° | 64.9% 
| 343.5 | 73.7° | 73.6% 

274.6 | 64.8° | 78.4% 


Rate/ 

10,000! 
86.9 
48.5 


| 


| —18.8 
—22.7 | 
| —66.5 | 
+295.3 | 
| +2.5 | 


August 
September 
October 
November 
December 


| 
Standard spring malaria season | 


76.0 | 67.8° 
109.9 | 76.0° | 62.7% 
200.9 | 84.3° | 58.2% 
137.3 | 89.2° | 51.2% 
95.6 | 92.5° | 51.4% | 


March 
April 
May 
June 
July 


69.5% 





|rate/10,000 





Fall epidemic —1947 Fall sub-average season—1946 





Mean 
temp. 


Mean 
rate/10,000 


Mean 
temp. 


= 
Mean Mean 
R.H. 


l 
—2.9° | 

] 
—1.9° | 





+9.8%| —5.4 
+0.4%| —25.1 
+0.3° | +7.8%)| —27.7 
+2.8° | +4.0%|—230.7 
—1.0° | -0.2%|—140.3 


—8.7% 
—2.9% 
—4.1% 
—-1.7% 


—3.4% 


—2.3° 
—0.4° 
—1.4° 
—1.2° 
+1.4° 








Spring epidemic—1947 Spring sub-average season—1946 





| +50.3 
| +80.3 | 
| 4.53.7 | 
+107.4 | 


+0.3° | +5.5%| —20.7 
+0.3° | —6.8%| —42.0 
—0.6° | +7.6%| —95.2 
—0.3° |+15.9%| —10.9 | —1.8° | 


—4.1% 
+0.5° | +2.1%| +31.7 | —2.4° | —5.5% 


+4.2° | 


—1.3° 


+3.1% 
+5.5% 
—0.4% 





—9.8 | 





‘Mean monthly 


morbidity rates/10,000 Saudi Arab employees (1941-1948). 


? Mean monthly temperatures (°F), Ras Tanura, (1945-1956). 
* Mean monthly relative humidity (0900 readings), Ras Tanura (1945-1949). 


favorable vector developmental period may have 
resulted in an unusually high vector density. Its 
effective longevity and hence transmission poten- 
tial, however, was held in check until October by 
unfavorable humidity. This check was suddenly 
released by a return to not only favorable humid- 
ity but to unusually favorable humidity for Oc- 
tober, allowing the “higher-than-usual” vector 
population to “more-effective-than-usual”’ 
transmitters. Hence, the unusual November out- 
break in 1947 (see Fig. 18). 

Conversely, the fall, 1946, differed 
markedly in these same factors (see Fig. 17). 
Favorable vector temperatures (93° F) were 
not exceeded during the entire summer, but they 
were interrupted and the favorable-development 
period checked by a sudden, sharp temperature 
drop in the third week in October. By contrast, 
comparable favorable humidities of above 60 per 
cent were not reached until this same third week 
in October in 1946, whereas in 1947 early October 
humidities rose above 70 per cent to make un- 
usually favorable transmission conditions. These 
unusually unfavorable humidities for October 
held the anopheline population in even longer and 
closer check as far as longevity (and hence trans- 
mission potential) was concerned. This check was 
not released until cooler November temperatures 
had already replaced low humidity as a deterrent 
to optimum transmission. Hence, the November- 


be 


season 


=O 


"e 6 


December morbidity rates were much lower than 
would otherwise have been expected (compare 
Figs. 15 and 17). 

Pertinent data from our standard fall malaria 
season, the 1947 epidemic, and the 1946 sub- 
average year just described are given in the ac- 
companying tables and figures. From an analysis 
of these data we have offered a hypothetical ex- 
planation of “good” and “bad” malaria seasons 
in relation to an “average” one. Apparently Oc- 
tober is the key month for predicting whether the 
following November peak will be higher, lower, 
or about equal to the average. 

As pointed out previously, the seasonal tem- 
perature cycle is remarkably constant and seems 
to vary only slightly from year to year. In the 
“good” and “bad” years just described, mean 
monthly October temperatures varied only 
slightly from the average 81.7° F (mean +0.3° 
in 1947; mean —1.4° in 1946); but the weekly 
means in October, 1946, showed considerable 
variation (see Fig. 17) from the October standard. 

In RH, the reverse was true. The two com- 
parable October 0900 mean monthly RH differed 
considerably (mean +7.8% in 1947; mean 
—4.1% in 1946) from that of the average 64.9 
per cent RH usually experienced. This difference 
was also reflected in the weekly means. As we 
have seen from our previous discussions on the 
effects of RH on vector longevity, this factor be- 
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comes most important at higher temperatures. 
Unusually low humidity during this warmer part 
of the transmission period reduces longevity, fre- 
quency of feeding, host exposure, and hence po- 
tential transmission. Unusually high humidity in 
October increases transmission by extending 
vector longevity and increasing frequency of 
blood meals. The accompanying discomfort, 
caused by high humidity and heat also results in 
greater chances for effective vector-host night 
contact. Thus, unusual shifts from the normal 
October humidity seem to have a most significant 
effect on November morbidity rates. 

From the above, we can predict that November 
will be more malarious than usual if October mean 
RH (0900 readings) are above the normal 65 per 
cent and approach 70 per cent or higher. Novem- 
ber will be less malarious than usual if these mean 
RH are less than 65 per cent and decline to 60 
per cent or lower. This is based on the assumption 
that there are neither great variation from the 
mean monthly October temperature of 82° F 
nor extremes in the weekly means, to affect trans- 
mission. If October temperatures continue to be 
abnormally high, the fall peak may be delayed 
until December, rather than occurring in Novem- 
ber. 


PREDICTING UNUSUAL SPRING MorRBIDITY 


Unusual variations from the spring pattern do 
not occur to the same degree as we have just seen 
in the fall (see Table 24). Fall rates varied from a 


mean +295.3 (November, 1947) to a mean 
—230.7 (November, 1946). By contrast, the 
spring rate variations available for study were 
much less striking, ranging from a mean +53.7 
(May, 1947) toamean —95.2 (May, 1946). The en- 
tire explanation for these differences perhaps can- 
not be made on the basis of temperature and hu- 
midity. A spring relapse wave as described by 
Gill (1938) may also cloud the picture, but un- 
fortunately our data do not distinguish new in- 
fections from relapses. 

One very important climatic difference between 
the spring and fall patterns is the fact that op- 
timal FIP temperatures (80°-82° F) are ap- 
proached from lower temperatures in the spring 
and from higher temperatures in the fall. We 
know from previous investigations that changes 
in RH exert little influence on vector transmission 
on the lower side of the optimum 80°-82° F, but 
they are most significant on the upper side. Thus, 
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the normally-more-varying RH do not have the 
same opportunity to affect the developing spring 
morbidity peak as we have seen in the developing 
fall peak. 

Another important spring factor is the occur- 
rence of the vector optimum (90° F) after the 
EIP optimum (80°-82° F) has already been 
reached. Hence, there is not the opportunity of a 
large anopheline population to build up in ad- 
vance and to make the most of the sudden favor- 
able humidities that normally occurs in the fall. 

Since high temperatures are usually unvarying 
enough to inhibit transmission in July, no matter 
how high the humidity, the spring pattern is 
usually more rigid. As a result, spring malaria is 
usually less variable, more stable, and very great 
variations from the expected do not occur. Ex- 
tensions of favorable, moderate temperatures may 
extend the peak period into the summer; but ex- 
treme variations in the size of the peak are rela- 
tively uncommon; certainly not seen as readily 
as corresponding fall variations in peak size. 

With these reservations, we can attempt an 
analysis of the more limited variations of the 
1947 (“high”) and 1946 (“low”) spring malaria 
seasons in comparison with the standard seasonal 
pattern (see Figs. 15, 17, and 18). 

In 1947, spring temperatures were average. 
Favorable transmission temperatures (77°-86° F) 
began in mid-April as usual with optimum EIP 
temperatures (80°-82° F) occurring the first week 
in May. Critical EIP temperatures of 90° F 
occurred as expected in the last week in June, as 
did the resulting normal seasonal morbidity drop 
in July. 

Humidities in 1947 remained at above average 
levels in May and June but broke sharply the last 
week in June. Unusually favorable May humid- 
ities kept the June rate at May levels instead of 
permitting the normal reduction which charac- 
terizes expected June morbidity. The sudden 
drop in humidity in late June, occurring with ex- 
pected critical temperatures of 90° F, resulted in 
an unusually sudden drop in malaria morbidity 
experienced in July, 1947. Even the unusually 
favorable June humidities in the first 3-weeks 
could not compensate for the near-90° F temper- 
atures being approached at this time. Thus, the 
unusual spring outbreak in May-June 1947 is 
attributed to an extension of favorable humidity 
beyond the expected mid-May decline to unfavor- 
able humidity. 
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In early spring, 1946, temperatures were com- 
parable to those of 1947 and to the normal pattern 
both in degree and timing. The major difference 
between the two years was the occurrence of more 
moderate temperatures which continued from 
June through the first half of July. Critical EIP 
temperatures of 90° F were not reached in 1946 
until 3 weeks later than expected, and this 
allowed the normal May-June morbidity peak to 
be extended into July (see Fig. 17). 

Weekly humidities dropped below 60 per cent 
by mid-May, 1946, but rose again to 60 per cent 
in mid-June when they again suddenly dropped 
below 50 per cent. This “spotty” improvement in 
June humidity helped maintain vector survival 
in the face of the higher temperatures which 
would otherwise have reduced it. But even these 
higher temperatures were unusually delayed in 
reaching the critical 90° F. The end result was a 
leveling of the May-June-July rates instead of 
the sharp drop in July normally expected. This 
is explained by a combination of milder temper- 
atures and more favorable humidity than would 
normally have been expected at this season. 

On the basis of the above examples, we can 
predict as follows: 1) If May RH is above 
average, a higher June rate than normal can be 
expected. Supposedly, the converse is true es- 
pecially when accompanied by average or higher- 
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than-average temperatures, but we have no un- 
usually low May humidities or June morbidity 
rates available for testing this hypothesis. 

2) The normal June break in temperature (90° 
F) is reflected in the normal July decline in 
morbidity. If June temperatures remain moderate 
(below normal for the month) and humidity re- 
mains favorable, July morbidity may remain at 
June levels instead of declining. However, above 
normal June humidities cannot compensate for 
critical 90° F temperatures to allow malaria trans- 
mission. 

Our general review of seasonal malaria cycles 
with data at hand compares very favorably with 
the conclusions of Gill (1921) who studied malaria 
epideniics in the Punjab. On epidemiological 
grounds, he felt that a mean monthly relative 
humidity (0800 readings) of 63 per cent or more 
was required providing temperature was favor- 
able. Temperatures of 61° to 93° F were favor- 
able if humidity conditions were met. At mean 
temperatures of 60° F and below, or 100° F and 
above, he believed no transmission to occur. In 
general, his hypothesis fits our own situation, ex- 
cept that our data indicate some transmission 
(although much reduced) at mean monthly RH 


(0900 readings) in the range 50 to 60 per cent RH 
when temperatures are moderate. 


PART V. MALARIA CONTROL WITH RESIDUAL SPRAYS 


With much of the previous epidemiological in- 
formation as a guide, recommendations were 
made to utilize DDT residual sprays as a primary 
control measure in the two oases; and a joint 
program on malaria control utilizing this tech- 
nique alone was developed between the Saudi 
Arab Government and Aramco. The first oasis- 
wide application in the Qatif coastal area in 
this joint program was made in the fall of 1948 
utilizing 5% DDT in kerosene. In the following 
year (1949) al-Hasa was included in the program 
for the first time. DDT suspensions of wettable 
powder were used in 1949 and in successive years 
through 1954. In 1955, 1956 and 1957, dieldrin 
suspensions replaced DDT as the residual insecti- 
cide of choice. In 1956 and 1957 the field spray 
operations were carried on by the Ministry of 
Health while Aramco continued its research in- 
vestigations on malaria. 

Insecticide residues were applied to all shelters 


in villages included in these programs. For the 
most part, shelters consisted of dwellings, es- 
pecially sleeping rooms and privies, as well as 
stables (Figs. 5 and 6). Types of surfaces to be 
treated varied from palm thatch and palm-leaf 
matting to adobe or mud brick and native 
plaster (“juss”). All of these materials present 
porous surfaces, and applications of water sus- 
pensions of the insecticide were generally made 
to the point of run-off. Estimated residuals 
of 200-250 mg/sq ft of DDT and 50 to 70 mg/sq 
ft of dieldrin were attained. All levels of interior 
surfaces were treated in accordance with pre- 
viously-described seasonal changes in resting 
levels of the vector. 

Spray applications were made by local Saudi 
Arab laborers who were given a brief course of 
instruction and practice in residual-spray tech- 
niques before each spray season. Hand-operated, 
wheelbarrow-type sprayers with constant pres- 
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sure tanks were found most useful for work in 
local villages. 

Wherever possible, efforts were made to com- 
plete residue applications by the end of Sep- 
tember each year, so that insecticide deposits 
would be at maximum strength and effectiveness 
during the optimum-transmission season. Once 
applied, it was hoped that residue effectiveness 
would extend not only through the winter months 
but also throughout the following spring malaria 
season. The hot, dry summer would then inhibit 
malaria transmission until the residues were re- 
applied in the next annual fall spray program. 

This careful timing is apparently less essential 
with dieldrin than with DDT because of diel- 
drin’s longer lasting effect (more than 12 months). 
However, it is still advisable to plan completion 
of the annual spray program just before October, 
so that any new dwellings constructed during the 
year, or any shelters missed in the previous pro- 
gram, can be treated before the maximum-trans- 
mission season in October. 

Unfortunately, it was not always possible 
during our study to repeat the residual spray each 
fall as we had recommended. For example, in 
1950 neither oasis was treated; and in 1952, the 
Qatif oasis was included in the program but not 
al-Hasa. In 1954, the al-Hasa part of the program 
was delayed until early spring, 1955. A chrono- 
logical summary of these variations in residual- 
spray programs is given below: 

1947, no previous malaria-control measures of 

any kind in the Eastern Province. 

1948, first fall DDT residual-spray program in 
the Qatif oasis (except Tarut Island); 
no similar program for al-Hasa. 

1949, first fall DDT residual spray program in 
al-Hasa; entire Qatif oasis (with Tarut 
Island) also included in program. 

1950, DDT residual spray program dropped in 
both oases, except for continuing pro- 
gram on an experimental basis in the 
villages of al-Ajam and Safwa (Qatif 
oasis). 
fall DDT 
sumed in both oases. 
fall residual spray program continued in 
Qatif oasis; dropped in al-Hasa. 
fall DDT programs resumed in both 
oases. 

, fall DDT program in Qatif oasis only; 
al-Hasa program postponed until spring 
1955. 


residual spray program re- 
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1955, spring DDT residual spray program in 
al-Hasa except for experimental use of 
dieldrin in al-Qarah, al-Battaliyah and 
al-’Umran. 
first fall dieldrin residual spray program 
in Qatif oasis. 

1956, fall dieldrin residual spray program in 
both oases carried out solely by Minis- 
try of Health. 

1957, fall dieldrin residual spray program con- 
tinued by Ministry of Health in both 
oases in 1957 and 1958. 

The variations in control programs indicated 
above have provided a number of different situ- 
ations for evaluation of different control meas- 
ures. The effects of annual, scheduled, residual 
spray applications, of biennial applications, de- 
lays, lapses of 1 year, and the value of DDT vs. 
dieldrin can thus all be compared. 


REACTIONS OF ANOPHELES STEPHENSI TO DDT 
AND DIELDRIN RESIDUES 


Hadaway and Barlow (1953) have studied the 
laboratory reactions of A. stephensi to insecticide 
residues and report that stephensi females are 
activated by contact with DDT deposits (100 
mg/sq ft) and fly away from treated surfaces 
after a few (2 to 4) minutes of contact. This action 
occurred whether the DDT particles were small 
or large and whether they were readily available 
to the insect or adhered firmly to the treated 
surface. A single contact was lethal only when 
the spray deposit consisted of small, readily 
available particles (0-10u, average 6u); otherwise 
the mosquito was stimulated to fly from the sur- 
face before acquiring a lethal dose. Mosquitoes 
would fly on and off treated wallboards, but 
rested on the untreated surfaces. In some tests, 
only a 70 per cent kill occurred after a 4-minute 
exposure before first flight. Similar results oc- 
curred with DDT suspensions of 150 mg/sq ft on 
mud blocks, the latter being more comparable to 
our adobe construction in al-Hasa. 

This irritant action and stimulus to fly from 
treated surfaces may also force stephensi out of 
more favorable microclimates and into situations 
much less favorable for survival. In this way, 
some measure of additional indirect control may 
compensate for the reduced effectiveness due to 
irritation and flight from DDT deposits. The 
importance of this factor as an accessory control 
will presumably vary with seasonal differences in 
temperature and humidity in our area. 
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In comparing stephensi reactions to dieldrin 
deposits, these investigators found no such irri- 
tant effect as has been reported for DDT. When 
stephensi adults were exposed to 100 mg of 
dieldrin/sq ft, no stimulation to flight occurred 
within a 30-minute exposure period. This ex- 
posure resulted in 100 per cent kill within 24 
hours. It should be remembered that dieldrin is 
slower acting than DDT and that mosquitoes 
may be found resting on dieldrin-treated surfaces 
several months after application. This does not 
mean that dieldrin has necessarily lost its effec- 
tiveness, since careful observation may show high 
mortality 24 hours after such exposure. Where 
adequate dosage is used, dieldrin is long-lasting 
in its effectiveness. Davidson (1955b) has shown 
50 mg dieldrin/sq ft to give 80 per cent kills with 
gambiae for the first year. Even after 2 years, 
mortality was just below 50 per cent. 

Hadaway and Barlow (1957), in experiments 
with stephensi, Aedes aegypti, and Musca domes- 
tica, have shown that DDT decreases in toxicity 
as posttreatment temperatures increase from 68° 
F to 86° F. Thus local DDT deposits are at min- 
imal efficiency during our optimal transmission 
temperatures. Dieldrin, on the other hand, shown 
an increase in toxicity with an increase in temper- 
ature in this range and hence is at maximum 
efficiency when it is needed most in our oases. 


KILLS NECESSARY FOR EFFECTIVE MALARIA 
CONTROL 


It should be emphasized that malaria can be 
“controlled” by residual insecticides that fall far 
short of eliminating the mosquito vector entirely 
(Macdonald, 1956). Macdonald and Davidson 
(1953) have constructed an interesting table in 
which they suggest kills necessary for control 
under varying conditions. Their suggested neces- 
sary kills vary according to the frequency with 
which a vector species enters a treated shelter: 
(1) every day (‘complete endophilism”’), (2) 3 
days out of 4 (“moderate endophilism’’), and (3) 
1 day out of 2 (“medium endophilism”). Original 
mosquito density is also taken into consideration 
as well as degree of anthropophilism. They em- 
phasize that species which enter shelters less fre- 
quently than indicated above will be more diffi- 
cult to control with residual insecticides. Thus, 
with entry not less often than 1 day in 2, half the 
vector population will come into contact with the 
residue every 24 hours. Even a low percentage 
kill on each entry will thus affect the life expec- 
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tation of the whole population. If, however, entry 
is infrequent, even a high kill on each occasion 
will have little effect on the average expectation 
of life of the vector population as a whole. Under 
most natural circumstances, malaria “control” 
could occur by attaining a mosquito mortality 
rate of about 65 per cent among those entering 
treated shelters, and in some common situations 
by a 45 per cent mortality. 

From our observations, we feel that stephensi 
is certainly strongly endophilic; both from its 
resting habits and in its searches for blood meals. 
Hence, it probably enters treated shelters with 
maximum frequency. Thus, even with a relatively 
poor percentage of kill (30-50% continuous mor- 
tality), DDT residues could still prove effective 
in control if resistance did not develop. This, we 
feel, is borne out by our reduction in malaria- 
morbidity rates and in lowered parasite rates in 
treated villages during those earlier years when 
DDT was the sole insecticide used. Dieldrin, al- 
though slower acting, is more toxic and more 
effective than DDT. It is longer lasting and does 
not excite resting mosquitoes to flight. Even with- 
out the danger of developing DDT resistance, it 
is the currently preferred insecticide where re- 
sidual sprays are used for malaria control in our 
oases. 


EVALUATING SUCCESS OF LOCAL MALARIA 
CONTROL MEASURES 


In our study, it has been impossible to dis- 
tinguish first infections and subsequent relapses 
in any of the morbidity or survey data presented. 
In attempting to interpret morbidity and survey 
data as yardsticks for measuring success of con- 
trol efforts, differences in time interval between 
possible new infections and last relapse with the 
different types of malaria must be considered. 
This time interval varies with species and with 
different strains of the parasite in different geo- 
graphic areas. 

Infections with P. malariae may well last a 
lifetime, but vivax infections generally do not last 
beyond 2 years although there may be strain 
variations in different areas that will modify this 
generalization. Although the present study can 
offer no specific data on normal length of vivax 
infections in the Persian Gulf area, it is generally 
believed that we are not dealing with a strain 
having an unusually long relapse interval. For 
practical purposes, vivax infections here are re- 
garded as being limited to 2 to 3 years. Our local 
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morbidity and survey data seem to support this 
generalization. 

The presence of positive findings of falciparum 
is generally considered an indication of recent 
transmission since infections with this species are 
usually short lived (9-12 months). Therefore, we 
have regarded falciparum infections seen in our 
fall village surveys as evidence of malaria trans- 
mission during that current calendar year. Our 
fall morbidity due to falciparum infections can 
also be largely attributed to infections obtained 
during the calendar year in question. 

The infant parasite index is a valuable adjunct 
to the above in any such evaluation since it 
measures more exactly transmission occurring 
during the year in question. Unfortunately, it was 
often difficult to persuade Saudi Arab mothers to 
bring their infants for blood and spleen exami- 
nation. In cases where we were successful, the 
numbers were usually small. Hence, a combi- 
nation of methods had to be used in evaluation of 
our control programs and in considering possi- 
bilities of future malaria eradication. 


RESULTS. OF RESIDUAL-SPRAY CAMPAIGNS 


The spectacular success of DDT in decreasing 


malaria morbidity, mortality, spleen and parasite 
rates was gratifying in the years 1949 through 
1953. During this period, our favorable experience 
paralleled that of many others who had been using 
DDT for malaria control in other parts of the 
world. Graphic evidence of the success of these 
DDT residual-spray campaigns is shown in Figure 
20. Here the annual precontrol morbidity rates of 
1941 through 48 are contrasted with the successful 
use of DDT over the period 1949 through 1953. 
Comparable monthly morbidity rates during 
these same periods are shown in Tables 21 and 22. 
This success was also reflected in reduced malaria 
mortality as shown in Figure 21. A similar reduc- 
tion was shown, whether malaria deaths were 
compared with total deaths or only with deaths 
from other communicable diseases. 

The effectiveness of DDT in reducing parasite 
rates in the villages (1949-1953) is summarized 
in Figure 22. Here the effectiveness of annual 
applications is contrasted with biennial applica- 
tions of DDT residues. The sharp drop to low 
parasite rates and continued low level of para- 
sitemia with annual DDT applications is shown 
by data from the experimental towns of Safwa 
and al-Ajam in the Qatif oasis. The return to high 
parasite rates each time the annual application 
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was neglected is shown by survey data obtained 
in the three villages in the al-Hasa oasis. The 
need for at least annual residue applications is 
obvious from this chart even though some re- 
sidual effect may remain for longer than 12 
months in earlier years. A more detailed analysis 
of control programs and results is given by years 
in the following chronology. 

1947. In October, the single village of al- 
Khobar was treated with 5 per cent DDT in 
kerosene primarily as a fly-control measure. This 
gave us an opportunity to test residual-spray 
equipment and methods on a village-wide basis. 

The spectacular seasonal epidemic of malaria 
in November, 1947, emphasized the seriousness of 
the local malaria problem. Aramco Saudi Arab 
employee morbidity rates rose to 639/10,000 in 
that month. All hospital facilities were so severely 
strained that only the most seriously ill patients 
could be hospitalized; others were treated as out- 
patients. No malaria control had ever been at- 
tempted in the area previously. 

Initial malaria surveys were made in the fall in 
Qatif oasis villages to establish bases for evalu- 
ation of future control measures (see Tables 11 
through 16). An average parasite rate of 85 per 
cent and spleen rate of 94 per cent in the 2 to 14 
year age group was established for uncontrolled 
villages in the Qatif oasis (see Table 12). Infant 
parasite rates were 100 per cent; indicating max- 
imum opportunity for infection. 

1948. The village of al-Ajam was selected for 
special study of DDT residual-spray techniques 
as a result of the 1947 survey. The entire village 
was treated with 5 per cent DDT in kerosene in 
March and again in August, just previous to the 
spring and fall transmission seasons. November 
parasite rates in the 2 to 14 year age group in this 
village dropped from 77.4 per cent (1947) to 46.2 
in 1948. The greater part of this reduction was due 
to a marked decline in falciparum cases. In 1947, 
falciparum accounted for 33.8 per cent of the 
positives; in 1948 for only 12.5 per cent. By con- 
trast, vivax accounted for 52.3 per cent of the 
positives in 1947 and 79.2 per cent in 1948. This 
was to be expected since many of the vivax cases 
probably represented precontrol infections. 

Earlier in the year, Aramco had proposed a 
joint program of malaria control with the Saudi 
Arab Government utilizing the DDT residual- 
spray technique. This proposal was accepted, and 
the first oasis-wide residual-spray program in the 
Kingdom (Qatif) began in October and was com- 
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Fic. 20. Annual malaria morbidity rates in Aramco Saudi Arab employees, 1941-1957 


pleted in November. A recommended earlier 
starting date had to be delayed pending arrival 
of needed equipment and insecticides. In spite of 
these delays, Aramco morbidity rates for Novem- 
ber and December declined to 22 and 20/10,000, 
the lowest monthly rates recorded up to this date. 


Our November, 1948, parasite surveys for the 
entire Qatif oasis showed a decline from 84.8 per 
cent to 51.9 per cent, the overall infant parasite 
rate from 100 per cent to 44.4 per cent. On nearby 
untreated Tarut Island, Tarut village continued 
to show a parasite rate of 85.8 per cent and an 
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Fig. 21. Proportionate malaria mortality rates based on deaths in Aramco hospitals, all age groups, 
excluding newborns, 1941-1957 
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Fig. 22. Annual versus biennial residual spray treatments in malaria control, Qatif and al-Hasa oases, 
1947-1957 
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infant parasite rate of 100 per cent. (It had not 
been included in the original 1947 survey nor in 
the 1948 control program). Thus, the effects of 
only 2 months of residual action seemed to show 
great promise of DDT’s potential effectiveness in 
controlling oasis malaria. 

1949. The impressive results of the first DDT 
application continued throughout 1949. Rela- 
tively few cases occurred among Aramco em- 
ployees (see Table 22); and most of the cases that 
did occur could be traced to untreated Tarut 
Island, the untreated al-Hasa oasis, or to other 
parts of the Kingdom. The normal spring peak 
was represented by only a slight increase in May 
rates over those of neighboring months. 

Recommendations for repeating the fall pro- 
gram in 1949 had been made early in the year, 
but approval was not granted until November. 
Spray operations were begun immediately, 50 per 
cent DDT wettable powder being used; but the 
program was not completed until well past the 
peak transmission season. 

In spite of the delay, fall morbidity rates did 
not increase to the degree expected. The Novem- 
ber peak rate was only 19/10,000. Of the 18 Saudi 
Arab employee cases reported in that month, 13 
could be traced to as-yet-unsprayed Tarut Island 
or to the al-Hasa oasis where the spray program 
was just beginning. It was obvious that the 1948 
fall application was still having a definite con- 
trolling effect on malaria incidence more than a 
year after its original application. 

Parasite rates confirmed this extension of re- 
sidual effect; that for the Qatif oasis as a whole 
dropping from 51.9 per cent in 1948 to 14.4 per 
cent in 1949 and the infant parasite rate from 
44.4 per cent to 3.3 per cent. Falciparum infec- 
tions continued to decline and accounted for only 
12 per cent of the positives while the long-lasting 
vivax and malariae infections accounted for 64 per 
cent and 20 per cent. The remaining 4 per cent 
were mixed infections. 

Our entomological checks during this period 
confirmed the unusual longevity of DDT residues. 
The first anopheline to be collected from a DDT- 
sprayed surface appeared 11.5 months afte: the 
original application. In a 13 to 14-month period, 
only 2 to 6 anophelines were found in 15-minute 
examinations of treated premises. Even these 
might have had a lethal exposure if 24-hour mor- 
talities had been observed. By contrast, 103 to 
120 anophelines per 15-minute catch were being 
obtained in nearby untreated check shelters. 
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Thus, all evidence at this time indicated an ef- 
fective control of more than 12 months for DDT 
residual sprays under local oasis conditions. 

1950. The delayed 1949 fall campaign was not 
completed in the al-Hasa oasis until February, 
1950. With both oases treated, extremely low 
morbidity rates continued over the first 10 
months. The normal spring peak of May-June 
could hardly be distinguished. Of the 14 employee 
cases that did occur between January and Sep- 
tember, over half could be traced to non-treated 
communities. For the first time in the history of 
the Aramco hospitals, no Saudi Arab employee 
cases were recorded in April and July. 

The Saudi Arab Government did not approve 
the joint program proposed for the fall of 1950, 
and no general DDT application was made in 
either oasis. However, the program was continued 
by Aramco on an experimental basis in al-Ajam 
and Safwa where 75 per cent DDT wettable 
powder was used for the first time (previously 
only 50 per cent DDT wettable powder had been 
available). In these treated villages, parasite rates 
continued a slight decline, averaging 11.7 per 
cent, but the infant parasite rate rose from 0 to 
9 per cent. In untreated Qatif villages, the com- 
posite parasite rate rose to 56.7 per cent (see 
Fig. 22) with an infant parasite rate of 35.5 per 
cent. 

November-December morbidity rates now 
showed definite effects of the program’s discon- 
tinuance. The November rate of 37/10,000 indi- 
cated a possible failure to maintain as high a 
degree of control after 10 months as we had ex- 
perienced previously. 

Our entomological evidence also showed a 
shortened period of effectiveness after the second 
annual DDT application. The first few anophe- 
lines returning to treated surfaces were now noted 
5 months after application instead of the 11.5 
months previously observed. Again numbers were 
small (5 to 6 per 15-minute catch) when compared 
to untreated checks, and no 24-hour mortalities 
were run to see if a lethal dose were still being 
acquired from the deposits. 

This evidence of reduction in DDT’s effective- 
ness caused no great concern at this time, since 
we felt our recommendation for a well-timed 
annual DDT application would still maintain 
effective malaria control. Although DDT resist- 
ance in house flies had been experienced, no 
account of such resistance in any anopheline had 
yet been noted. Hence, our major effort was 
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directed toward achieving a carefully timed an- 
nual schedule of DDT applications to obtain 
effective control. In retrospect, it would have 
been of special interest if careful laboratory in- 
vestigations on resistance could have been devised 
at this time; so that an early series of such studies 
could have been initiated on a problem which is 
now of major concern to malariologists through- 
out the world. 

1951. Even though no DDT was applied in 
1950, malaria morbidity remained fairly low 
throughout the year. The spring peak was made 
evident through a relatively sharp increase in May 
morbidity, and November rates climbed to 
46.6/10,000 (Table 22). 

DDT residual-spray programs were approved 
for both oases, but delays in receiving supplies 
were reflected in a postoptimum spraying sched- 
ule in November and early December. This delay 
in application explained the relatively high No- 
vember rate, but December and January mor- 
bidities quickly declined to reflect the apparent 
effectiveness of DDT in checking transmission. 

Surveys showed another slight decline in para- 
site rate to 10.5 per cent in the experimental 
villages of al-Ajam and Safwa sprayed annually 
since 1948, but the infant parasite rate remained 
about the same, 9.7 per cent. Villages which had 
not been sprayed in 1950 responded to the 1951 
fall application by a parallel decline in parasite 
rate from 56.7 per cent to 29.7 per cent (see Fig. 
22), and the infant parasite rate dropped from 
35.5 per cent back to 8.0 per cent. 

No entomological evidence of obvious DDT 
failure was apparent, and all available infor- 
mation pointed to effective malaria control if rec- 
ommended annual spraying schedules could be 
met. In spite of shortened DDT effectiveness, we 
felt that September applications would protect 
over the fall and spring transmission seasons; and 
the hot, dry, summer months would continue this 
protection until residues could be reapplied the 
following September. 

1962. Throughout the year, malaria morbidity 
remained at a low level, reflecting the success of 
the fall, 1951, campaigns in both oases. The fall, 
1952, spray program was approved for the Qatif 
area only, but even this program was not carried 
out until November because of administrative 
delays in negotiation of a joint agreement be- 
tween the Company and the Government. No- 
vember morbidity rates increased to 62.4/10,000, 
but this increase seemed adequately explained by 
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the delayed DDT application. This explanation 
was apparently confirmed by a sharp drop in 
December rates to 10.1/10,000. 

Parasite rates in our two experimental villages 
(al-Ajam and Safwa) dropped to an all time low 
of 1.0 per cent but the infant parasite rate had 
increased from 9.7 per cent to 18.2 per cent. The 
parasite rate for the entire Qatif oasis averaged 
18.8 per cent; this was a slight reduction from a 
general rate of 20.6 per cent recorded the previous 
fall. In spite of the unusual increase in infant 
parasite rate in Safwa and al-Ajam, that for the 
other Qatif villages remained low, 3.8 per ceut. 
With no other evidence to the contrary, we as- 
sumed that DDT was still giving adequate 
malaria control throughout 1952. 

Of special interest was the establishment of 
several observation stations in the Qatif oasis 
during the year to look for any evidence of DDT 
resistance in local stephensi in view of the first 
reports of DDT resistance in anophelines in 
Greece. No such evidence was noted in 1952. 

1953. The fall, 1952, DDT deposit continued 
to give effective anopheline control throughout 
the year, and no mosquitoes were found in 
treated houses up to the time of the general re- 
spraying of both oases in the fall of 1953. Our 
entomological observations up to this time gave 
no hint of developing DDT resistance. Unfortu- 
nately, our entomologist resigned; and no check 
observations were available for the postspray 
period in late 1953 and most of 1954. In retro- 
spect, this proved most unfortunate, since ento- 
mological data through this critical period might 
have given us adequate advance warning of in- 
creased malaria morbidity in November and De- 
cember. 

November rates reached the highest level re- 
corded in our postcontrol years, 330.8/10,000. 
Parasite rates in al-Ajam and Safwa rose from 
1.0 per cent to 14.4 per cent; the infant rate, from 
18.2 per cent to 27.8 per cent. The general parasite 
rate for the Qatif oasis as a whole remained about 
the same, 18.2%, but the infant parasite rate rose 
from 8.1 per cent to 12.5 per cent. Again, late 
applications of insecticide in November and De- 
cember were thought to explain these increases 
at the time. But, judging from subsequent events, 
these increases may have represented early 
malariometric evidence for DDT resistance which 
became more marked in the following year. 

1954. In spite of the 1953 DDT applications, 
1954 monthly morbidity rates were consistently 
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higher than they had ever been since control 
measures were initiated in 1948 (see Table 22); 
and the 1954 annual rate (772/10,000) was ap- 
proaching that of precontrol years. Hence, every 
effort was made to apply DDT residues early 
enough for maximum effect. DDT residual appli- 
cations began in August in the Qatif oasis, but 
the al-Hasa program was not approved until 
spring 1955. Experimental lots of dieldrin had 
been obtained, and a number of different test 
houses utilizing different dieldrin dosages were 
set up at the same time for observation and com- 
parisons with DDT. 

Unfortunately, no entomological observations 
had been made since the fall of 1953 since we were 
without the services of an entomologist, and the 
writer was placed on special administrative as- 
signment. With recruitment of a new entomolo- 
gist, observations on vector reaction to DDT and 
dieldrin were reinstituted after a lapse of 1 year. 

In October, only a few weeks after DDT appli- 
cation, stephensi began to reappear in treated 
houses. With the above gap in observations, this 
constituted our first, definite, entomological 
evidence of DDT failure in the Qatif oasis. In 
November and December this became more 
obvious, and anophelines were numerous in re- 


cently sprayed houses. By contrast, during this 
same period, experimental shelters treated with 
dieldrin were anopheline-free. 

This failure to control anophelines was reflected 


in the high November-December morbidity 
rates (311 and 130/10,000) and was confirmed 
by November parasite surveys in oasis villages. 
The parasite rate in al-Ajam and Safwa rose 
sharply from 14.4 per cent in 1953 to 44.9 per 
cent in 1954 (see Fig. 23) with an infant parasite 
rate of 31.3 per cent. In the Qatif oasis generally, 
the rate rose from 18.2 per cent to 41.5 per cent; 
the infant parasite rate from 12.5 per cent to 
32.4 per cent. Thus, by the end of 1954, morbidity 
data, parasite rates, transmission indices, and 
entomological observations all pointed to DDT’s 
failure to control malaria effectively. 

1955. Malariometric evidence accumulating 
during the early part of 1955 (see Table 22) more 
than confirmed our previous fears. Monthly 
morbidity rates were even higher than in 1954, 
and stephensi continued to be reported from 
DDT-treated shelters. With anopheline resist- 
ance to DDT being reported in Greece, Lebanon, 
Java, and United States, a cable was sent to the 
World Health Organization (April, 1955) inform- 
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ing them of our belief that Anopheles stephensi 
had also developed resistance to DDT in Saudi 
Arabia and that DDT would be replaced with 
dieldrin in future residual-spray programs. 

Residual-spray operations in al-Hasa using 
DDT (the only locally available insecticide) had 
already begun by February. In April, these 
supplies were exhausted, and in May, newly- 
received dieldrin was used to complete the pro- 
gram in the remaining al-Hasa villages. 

The 1955 fall spray program in Qatif began in 
August with dieldrin being used for the first time 
in an oasis-wide program. Most of the Qatif oasis 
was treated by September; Tarut Island, Dam- 
mam and al-Khobar by mid-October. 

Entomological checks showed no anophelines 
in premises newly treated with dieldrin, and even 
anopheline larvae were extremely difficult to 
find in the Qatif area after dieldrin had been 
widely used. This general decrease in larval popu- 
lation had not been observed where DDT was 
used in previous area-wide programs. 

Morbidity rates during the fall months of 1955 
dropped sharply from comparable 1954 rates 
(see Table 22). More than half of the cases re- 
ported were traced to DDT-treated al-Hasa 
villages. 

Our November malaria survey reflected this 
trend. Al-Ajam and Safwa showed a composite 
parasite rate of 19.8 per cent; a sharp drop from 
44.9 per cent recorded in 1954. The infant para- 
site rate in these two villages dropped from 31.3 
per cent to 6.7 per cent. The parasite rate for the 
entire Qatif oasis was 31.4 per cent as compared 
with 41.5 per cent the previous year while the 
comparable infant parasite rate dropped from 
32.4 per cent to 7.7 per cent. 

1956. Morbidity rates continued at a very low 
level during all of 1956, the usual seasonal rises 
in spring and fall being almost entirely obliterated 
(see Table 22). This, plus the overwhelming pre- 
ponderance of vivar (82.9%) over falciparum 
infections (15.5%), indicated that many of the 
cases that did occur probably represented clinical 
relapses and not new infections. This trend had 
started after the close of the spring transmission 
season in 1955. 

Fall parasite surveys in al-Ajam and Safwa 
showed a further decline from 19.8 per cent in 
1955 to 3.6 per cent in 1956, and composite rates 
for the entire Qatif oasis dropped from 31.4 per 
cent to 12.5 per cent in 1956. For the first time 
on record, the infant parasite rates in both experi- 
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mental villages and the Qatif oasis as a whole 
were 0 per cent; indicating complete stoppage of 
malaria transmission! 

1957. Monthly morbidity declined even further 
after both oases had been treated with dieldrin 
in the fall of 1956. Only 54 cases were reported in 
Aramco Saudi Arab employees for the entire 
year; an annual rate of 42.0/10,000; the lowest 
ever recorded for the Aramco employee group. 
The November rate was also the lowest ever 
recorded (3.1/10,000) for this normally peak 
month, and only one employee case was reported 
in December. 

Again, no seasonal peaks were evident, and 
vivax cases (88.9%) were even more predominant 
than in 1956. Only five falciparum (9.2%) and 
one malariae case (1.9%) were reported for the 
year in addition to the 48 vivax infections in 
12,837 Saudi Arab employees (the midyear 
employee population). Again, the nonseasonal 
distribution of cases and the rare occurrence of 
falciparum infections meant that the few cases 
that did occur during the year may have been 
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largely due to relapses and not to new infections. 
For the first year on record, no malaria deaths 
in any population group were reported from 
Aramco hospitals. 

Although entomological checks showed a few 
stephensi could be collected in dieldrin-sprayed 
areas in May, the mosquitoes were present in 
very small numbers. No 24-hour mortalities were 
observed to see if even these few adult stephensi 
were still receiving a lethal dose. After respraying 
with dieldrin in the fall of 1957, stephensi again 
became extremely rare, both larvae and adults 
being difficult to find. 

Village surveys in the fall reflected the sharp 
decline in malaria morbidity. In al-Ajam and 
Safwa, the parasite rate was 1.4 per cent. The 
three positive films discovered in these two vil- 
lages were all very light malariae infections, one 
in the same individual reported as a malariae 
infection in 1956. The general parasite rate for 
the Qatif oasis (excluding Tarut) was 6.4 per cent; 
that for al-Hasa, 2.7 per cent. For the second 
successive year, the infant parasite rate in the 
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Pre-control and post-control village survey data as a measure of malaria control with residual sprays 
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Qatif oasis as a whole was 0 per cent. In al-Hasa 
as well, the transmission index was nil in 1957. 
These data indicate practical cessation of malaria 
transmission in both the Qatif and al-Hasa oases 
by the end of 1957. 

1958. Morbidity data showed a continued 
decline throughout 1958 (Table 22), the 1958 
annual rate being 28.3/10,000. This is the 
lowest employee malaria rate in the history of 
Aramco’s Medical Department. 


RESUME OF SUCCESSFUL MALARIA CONTROL WITH 
RESIDUAL SPRAYS 


In spite of the failure of DDT to control 
malaria adequately in the years 1953 through 
1955, the residual-spray technique alone has 
proved entirely successful in oasis-malaria control 
up to the present. With dieldrin as the insecticide 
of choice, malaria transmission had been stopped, 
for all practical purposes, by the end of 1957. 
This was reflected in the absence of malaria 
mortality in Aramco hospitals during that year, 
in the low annual and fall seasonal morbidity, 
zero transmission indices in both oases, and 
extremely low parasite rates in the 1957 fall sur- 
veys in the villages. 
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A summary of “before and after’’ conditions in 
Qatif and al-Hasa villages is presented in Table 
25. The various criteria of measurement pre- 
sented in this table emphasize the paramount 
importance of malaria as a public health problem 
in these oases up to 1948-1949 as well as the 
extent to which this problem was reduced by 
1957 utilizing the residual spray technique, with 
dieldrin as the residual insecticide. 

Where patients with malaria have reported 
for treatment or where parasitemia has been 
discovered, vivax and malariae have been almost 
wholly responsible. Of the 1,058 children exam- 
ined in 1957 in both oases, 56 were found to have 
positive blood films. Of these, 32 were malariae 
and 24 falciparum. Since malariae (in children) 
and vivax infections (in adults) could readily 
represent relapses rather than new infections, 
the success of dieldrin in local malaria control is 
perhaps even greater than currently low morbid- 
ity and low parasitemia indicate. The lack of 
mortality and complete prevention of transmis- 
sion indicated by zero infant parasite rates are a 
better reflection of dieldrin’s potential value in 
the residual spray technique. 


PART VI. DEVELOPMENT OF DDT RESISTANCE IN ANOPHELES STEPHENSI 
AND RESUMPTION OF CONTROL WITH DIELDRIN 


During the first year’s application of DDT, no 
slephensi were found resting on sprayed surfaces 
until 12 months after treatment. Even then, 
numbers were very small; and effective malaria 
control probably extended well beyond this 12- 
month period. Monthly malaria-morbidity rates 
continued at low levels from the fall of 1948 
through the next several years in spite of occa- 
sional lapses in the annual program or delays 
past the recommended time of application. The 
few, slightly higher, November peaks that did 
occur were explained by these delays or by these 
lapses in treatment. There seemed no doubt at 
the time, therefore, that a single annual applica- 
tion of DDT applied in August-September would 
be more than adequate in oasis malaria control 
under local conditions. 

This general opinion prevailed until the fall 
of 1953 and early 1954. In November, 1953, the 
monthly morbidity rate reached an alarming 
331/10,000; higher than had ever been recorded 


since control measures began. The fact that the 
fall application was delayed beyond the recom- 
mended date (actually it was underway at the 
same time) plus the fact that the al-Hasa oasis 
had not been included in the 1952 program the 
previous year, were thought to be a possible 
explanation of this unusual increase at the time. 
Our main conclusion was to re-emphasize the 
need for annual treatment and more accurate 
timing of annual applications in August-Septem- 
ber. This increase in morbidity, we thought then, 
was primarily a lesson in timing. 

When the monthly malaria rates continued at 
a higher level throughout 1954 in spite of both 
oases being sprayed with DDT, our uneasiness 
increased. Small quantities of dieldrin were being 
tested along with preparations for well-timed 
DDT applications to be made in the fall of 1954. 
With 9-month delivery schedules for the quanti- 
ties of insecticides needed in these large-scale 
programs, only DDT was available for the fall, 
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1954, application. Emphasis on proper timing 
enabled the Qatif program to be completed in 
August and September. The al-Hasa oasis was 
not approved by the Saudi Arab government for 
inclusion in the joint 1954 program (spraying 
delayed until spring 1955). 

Our first warning of what was to happen was 
the reappearance of stephensi in numbers in 
treated houses only a few weel:s after the 1954 
DDT spray application was completed. In 1948, 
12 to 14 months had elapsed before our first 
stephensi were collected on sprayed surfaces. In 
1954, they were reappearing in numbers within a 
few weeks of treatment. 

Our fall malaria peak began climbing in Oc- 
tober. In November, it reached 311/10,000, the 
same high level as the previous year. Late appli- 
cation of insecticide failed to account for the 
increase this time. But the lack of a program in 
the al-Hasa oasis that fall still offered a partial 
explanation. 

Any doubts about DDT’s possible failure to 
control malaria were dispelled, however, when 
the results of our 1954 November survey in the 
villages became available. In every village, para- 
site and spleen rates had increased alarmingly; 
even in our experimental villages where annual 
DDT applications had been made each fall from 
1948 through 1954 (see Fig. 23). This increase in 
November parasite rates in the villages paralleled 
our November morbidity increase (see Table 22). 

With these experiences in DDT failure in the 
fall of 1954, we were not surprised to find consist- 
ently higher monthly morbidity rates in early 
1955. By this time we felt no doubt that DDT 
resistance was responsible for this failure in 
malaria control, and plans were made to replace 
DDT with dieldrin in the coming fall, 1955, 
residual spray campaign. 

Dieldrin was used on an oasis-wide scale in 
Qatif for the first time in the fall of 1955. Al-Hasa 
had been treated the previous spring at Saudi 
Arab Government request with the DDT still 
available. The first shipments of dieldrin began 
to arrive in May, 1955, and the few villages yet 
to be sprayed in al-Hasa were treated with diel- 
drin at that time. 

After this first wide-scale use of dieldrin, a 
general decline in morbidity, mortality, spleen 
and parasite rates began. When the dieldrin pro- 
gram was repeated in the fall of 1956 and again 
in 1957 by the Ministry of Health, the rates con- 
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tinued to decline, and have since reached levels 
comparable to, or lower than, our best DDT 
years. This decline has continued up to the 
present (see Table 22 and Fig. 24). 

Similar experiences in DDT resistance in 
stephensi have since been reported in other parts 
of the Persian Gulf area and in India, even though 
Pal et al., (1952) had unsuccessfully attempted 
the development of a resistant stephensi strain 
previously by exposure of adults to sublethal 
dosages (12.5 mg/sq ft). Rajagopalan, Vedaman- 
ikkam, and Ramoo (1956) noted DDT resistance 
in stephensi larvae in south India. Davidson et al., 
(1957) and Davidson (1958) have since reported 
the development of some degree of DDT re- 
sistance in stephensi after exposure of laboratory 
colonies to sublethal dosages over a 2-year 
period. The degree of resistance was said to be 
much less than that observed in naturally re- 
sistant populations in Saudi Arabia. 

Within the Persian Gulf area, Gramiccia et al., 
(1957) have reported DDT resistance in stephensi 
from southern Iraq near Abadan. DDT lar- 
viciding had been practiced irregularly since 
1947 and imagiciding since 1954. More recently, 
Mofidi and coworkers (1958 a and b) report 
similar resistance in adjacent southern Iran. In 
some areas, this resistance was associated with 
1957 fall outbreaks of malaria; in others, no such 
increase was noted. In all these previous observa- 
tions 6.1 stephensi-resistance to DDT, no details 
are given as to actual effects on malaria incidence. 


MALARIOMETRIC EVIDENCE 


Our own best malariometric evidence to sup- 
port our general account of DDT resistance 
development in Saudi Arabia comes from the 
two experimental villages of al-Ajam and Safwa 
in the Qatif oasis (see Fig. 23). These two villages 
are the only ones in our study area that have 
received annual fall applications of residual 
insecticides from 1947 to the present (1958). 
DDT was used from 1948 through 1954, dieldrin 
from 1955 through 1958. Annual November para- 
site surveys have also been made to follow the 
effects of these applications on malaria control. 
The remarkable correlation between effects on 
November parasite rates in these two experi- 
mental villages and annual morbidity rates for 
the Province as a whole is shown in Fig. 24. From 
this we feel that malariological events in the two 
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Fia. 23. Development of DDT resistance and resumption of control by dieldrin, experimental Qatif 
oasis villages, al-Ajam and Safwa, 1947-1957 
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Fig. 24. Malariometric evidence for development of DDT resistance, Qatif oasis, 1947-1957 
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experimental villages reflect those in the Qatif 
oasis as a whole during this period. 

Both illustrations (Figs. 23-24) show the suc- 
cess of DDT in controlling malaria in the years 
1949 through 1952, the beginning of failure in 
late 1953, and the great increase both in para- 
sitemia and morbidity in 1954 in spite of well- 
timed DDT applications. This is ascribed to 
DDT resistance in Anopheles stephensi. With the 
advent of dieldrin (tirst wide-scale use in Qatif 
in 1955, in al-Hasa in 1956), both rates began a 
parallel decline in 1955, and have reached all- 
time lows in 1957. This, we feel, confirms DDT 
resistance as the true explanation for failure to 
control malaria in late 1953 and 1954. 

More detailed malariometric evidence for 
development of resistance to DDT and resump- 
tion of effective malaria control by dieldrin in 
these experimental villages is given in Table 26. 
Although numbers of observations are small, the 
parallel increase in infant parasite rates and 
2- to 14-year parasite rates in 1953 and 1954 are 
good evidence of DDT failure to control malaria 
transmission. Their subsequent decline in 1955, 
1956 and 1957 with use of dieldrin emphasizes 
the improved effectiveness of dieldrin over DDT 
in local residual-spray programs. In 1956, and 
again in 1957, the transmission index (infant 


parasite rate) in these two villages was zero; fur- 
ther proof of dieldrin’s continued effectiveness. 

A preponderance of falciparum positives (85%) 
over vivax (10%) is noted with an increased in- 
fant parasite rate in November, 1953. When pre- 
control parasite formulas are considered, this 
can be taken as evidence of active transmission 
and many new infections. Presumably, DDT 
resistance must have been active at least by 
October, 1953, to give these results. Careful 
examination of infant parasite rates and the 
more-than-usual preponderance of falciparum 
over vivax from 1950 through 1953 makes one 
suspicious that such resistance was beginning to 
make itself felt in these villages after the third 
DDT application in 1950. But the small numbers 
of observations involved plus the very low para- 
site rate in 1952 make this suspicion difficult to 
substantiate. 

The early success of DDT in controlling mor- 
bidity, the increase in morbidity in 1953-54 with 
DDT resistance, and the new decline with use of 
dieldrin in 1955 through 58 have been summarized 
in Figures 20 and 24 and in Tables 22 and 26. 
Comparable fluctuations in malaria mortality 
are shown in Figure 21. Of special interest in this 
connection is the relative importance of the differ- 
ent parasite species responsible for malaria infec- 


TABLE 26 
Changes in parasitemia and parasite formula with annual residual sprays in al-Ajam and Safwa, 1947-1957 
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tions in Aramco employees during these same 
years of developing DDT resistance. These data 
are shown in Table 27. 


CHANGES IN PARASITE FORMULA 


In our original village surveys (Table 13) 
before control measures were attempted, falci- 
parum and vivax infections were almost equal in 
frequency, with falciparum slightly predominant. 
This ratio is thus assumed to be the normal para- 
formula when uncontrolled transmission 
occurs in this area. This same falciparum:vivar 


site 


ratio appeared in an analysis of Aramco-employee 
morbidity in 1953 (Table 27). In 1954, the ratio 
was about equal. Thus, both increasing numbers 
of cases as well as parasite ratios indicated that 
transmission was active in spite of DDT control 
attempts in these years. 

By contrast, when dieldrin was introduced in 
1955, vivar became relatively more abundant and 
has increased its predominance over falciparum 
each year through 1957. Many of these vivar 
infections probably represent relapses of pre- 
dieldrin infections. As employee infections con- 
tinue to be treated or disappear naturally, we 
can expect further decline in overall morbidity 
and almost complete absence of local falciparum 
infections in the next few years, unless resistance 
to dieldrin develops. 

In the village children (who rarely if ever re- 
ceive treatment for malaria) falciparum has also 
lost its predominance through 1957 (see Table 
26). Vivar has become predominant, and more 
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recently has given way to malariae as the most 
commonly encountered species causing parasi- 
temia. This trend also dates from the first dieldrin 
application in 1955. The zero infant parasite 
rates, together with this change in parasite 
formula, are further evidence of rapidly declining 
malaria transmission once DDT resistance was 
overcome by replacement with dieldrin. 

The malariae infections now predominant in 
village parasitemia probably represent pre- 
dieldrin infections. To emphasize this point, one 
of the three malariae infections in al-Ajam and 
Safwa in 1957 was also reported in 1956 in the 
same individual. In all these current malariae 
infections, parasites are very sparse in the blood 
films; another indication of age of the infection 
and status of immunity development. 


FIELD ENTOMOLOGICAL EVIDENCE 
RESISTANCE 


FOR DDT 


Entomological observations on the length of 
residual effectiveness of DDT were begun in 1947 
and were continued in certain test houses in the 
Qatif oasis in 1948 at the time of the first general 
DDT applications in the oasis. These consisted 
of 15-minute collections of resting mosquitoes in 
selected treated and check shelters, but none of 
these collections was held to determine possible 
mortality at the end of 24 hours. Observations on 
the normal, expected, seasonal fluctuations in 
anopheline density had already been made in 
1947, over a year previous to the first annual 
DDT program. These observations are summar- 


TABLE 27 
Variations in species of parasite responsible for malaria morbidity in Saudi Arab employees, Arabian 
American Oil Company, 1947-1957 
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ized in Figure 13 and can be used in evaluating 
the changes due to insecticidal treatment. 

Through the period October, 1947-October, 
1948, seasonal collections of anophelines were 
made in a garden barasti just south of the village 
of Qatif. In general, anopheline densities followed 
the same pattern found in the Saihat barasti 
outlined in Figure 13. This Qatif ‘test house” 
was first sprayed with 5 per cent DDT in kero- 
sene in late October, 1948. Subsequent 15-minute 
checks for adults made semimonthly showed no 
mosquitoes until almost a year later (August 15, 
1949) when a single anopheline was seen resting 
on the previously-sprayed surface. It escaped 
collection. None was found again until 1 month 
later when two were seen on September 15, 1949, 
resting on dark clothing hung in the sprayed 
room. None was actually found on the sprayed 
walls up to this time. On October 18, 1949, six 
stephensi were found on the sprayed surfaces. 
Two were collected November 10, five on Novem- 
ber 15, and six on December 19; all stephensi. The 
building was resprayed at this time. During this 
same period as many as 300 adult anophelines 
could be collected in unsprayed barastis nearby, 
indicating considerable control by DDT residues 
even though mosquitoes were beginning to re- 
appear. No 24-hour mortalities were determined, 
hence we are unable to state whether or not 
these individuals were still receiving a lethal dose 
or whether or not they would have lived long 
enough to transmit if they had been infected. 

From these data, the first anophelines (other 
than the single specimen sighted August 15th 
and the two on clothing, September 15, 1949) 
collected from DDT-treated surfaces were found 
11.5 months after the initial 5 per cent DDT in 
kerosene was applied at approximately 200 mg/sq 
ft. In the experimental shelter at Saihat, treated 
with 2.5% DDT suspension to obtain the same 
dosage, the first adults were found 12 months 
after application. 

In the following year, after the second annual 
application of DDT suspension, seven specimens 
of stephensi were found 5 months after application 
(May 5, 1950). These collection data, along with 
observations on an untreated check shelter, are 
summarized in Table 28. Hence, even in the 
second year after the second annual DDT appli- 
cation, some evidence was becoming apparent 
that the length of residual effectiveness (as 
measured by reappearance of stephenst on sprayed 
surfaces) was declining. No effects on malaria 
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TABLE 28 


Anophelines collected in treated and untreated 
shelters (Qatif Oasis), 1948-1950 
(15-minute catches) 





No. of Anopheles found 





Untreated 
control 
(North 
Saihat) 


| 2.5% D.D.T. 
suspension 
(Saihat) 


5% D.D.T- 
kerosene 


(Qatif) 
200 
Sprayed 
DDTI | 
Oct., 1948 


ae F | 
Oct. 11, 1948 199 | 
Oct. 15 Sprayed 


| DDT I 
| Oct., 1948 


No Anopheles 
found until: 
Oct. 18, 1949 | 3* 
Oct. 24 

Oct. 25 3 


| | 

6t 

| 

| 

Nov. 2 | 0 
Nov. 0 2 
Nov. 1 5 
Dec. Resprayed |Resprayed 
DDT Il | DDT II 
Suspen- | Suspen- 
sion | sion 

| Dec., 1949) Dec., 1949 
No Anopheles 
found until: | 
Jan 10, 1950 | 
May 5 

May 15 

June 23 

July 19 





* After 12 mo. interval. 
t After 11.5 mo. interval. 
t After 5 mo. interval. 


morbidity were observed at that time. In retro- 
spect, however, this is additional confirmation of 
the suspected beginning of decreased effectiveness 
referred to in the discussion of Table 26. 
Observations on the return of stephensi to 
shelters 2 months after the 1954 application and 
throughout 1955 have already been emphasized. 
By this time, other evidence of DDT resistance 
had been accumulating and this only confirmed 
our impressions of resistance development. 
During the year 1956, observations on the 
return of anophelines to 1955 dieldrin- and DDT- 
treated houses were continued. In the al-Hasa 
oasis, most of the garden villages were treated in 
the spring of 1955 with DDT, a few (al-Qarah, 
al-Battaliyah, and al-‘Umran) being reserved for 





282 


early trials with dieldrin. Although a few stephensi 
began to appear after 3 to 4 months in houses 
reportedly sprayed with dieldrin (no 24-hour 
mortality observations), the numbers in DDT- 
treated houses far surpassed those in dieldrin- 
treated houses. This continued through the year. 
By May, 1956, a year after application, stephensi 
was the predominant species in the 1955-DDT- 
treated houses. This was reflected in the malaria 
cases coming from the al-Hasa area in the spring 
of 1956; whereas in Qatif, by contrast, dieldrin 
was exercising far better control. 

In February and March, 1956, a few anophe- 
lines, pulcherrimus and coustani var. tenebrosus 
but Nor stephensi, were found in the Qatif oasis 
in houses sprayed 5 to 6 months previously with 
45 mg dieldrin/sq ft. The first stephensi to return 
to dieldrin-treated houses (at 45 mg/sq ft.) after 
the fall, 1955, application were found in certain 
gardens just west of Dammam. Here a number 
of stephensi were found in several different shel- 
ters in March, 6 months after dieldrin had been 
applied at a dosage of 45 mg/sq ft. In May, 1956, 
a few stephensi were found in 1955-treated shel- 
ters in the Qatif gardens. Later in June, stephensi 
was also found, but it was outnumbered by pul- 
cherrimus which had previously been a very 
minor species in house collections. In comparable 
shelters sprayed with 90 mg dieldrin/sq ft, no 
anophelines were found during the 12-month 
period between dieldrin applications in 1955-56. 
This situation continued throughout the rest of 
1956 until the entire area was resprayed in the 
fall by the Saudi Arab Government Ministry of 
Health team. 

With the reappearance of anopheles on diel- 


drin-treated surfaces at a dosage of 45 mg/sq ft, 


recommendations were made for a higher dosage, 
to give a residue lasting preferably 10 to 12 
months. Evidence was developed during 1956 
that a dosage of 90 mg/sq ft would be effective for 
this period. No anophelines were found in shelters 
treated at this dosage in the 12-month interval 
between this application and the routine reappli- 
cation made by the Ministry of Health. 

In the fall of 1956, the Ministry of Health took 
over the residual-spray program and continued 
the general use of dieldrin in both the Qatif and 
al-Hasa oases. An estimated dosage of 70 mg/sq 
ft was applied in their program in an attempt to 
get the most economic application to cover both 
fall, and subsequent spring, malaria seasons. 
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Although their program was not completed 
until January, 1957, the normal fall peak which 
began to develop in October was effectively 
stopped. As a result, 1956 November and Decem- 
ber monthly morbidity rates dropped to 9/10,000 
and 3/10,000, respectively. These were the lowest 
November-December rates recorded up to that 
time for our Saudi Arab employees. We feel that 
the complete spraying of both oases with dieldrin 
instead of DDT has been the primary reason for 
this remarkable decline in morbidity rates. 
Throughout 1957 and 1958, monthly rates have 
continued at minimal levels when compared with 
previous years (see Table 22). 


LABORATORY CONFIRMATION OF DDT RESISTANCE 


With overwhelming malariometric evidence 
for DDT resistance and supporting evidence from 
field entomological observations, we were most 
anxious to confirm the existence of DDT resist- 
ance by actual laboratory tests on Anopheles 
stephensi. In the fall of 1954, we requested from 
the World Health Organization a standard 
anopheline testing kit for using the modified 
Busvine-Nash technique in anopheline resistance 
studies (W.H.O., 1954). 

Mr. G. Davidson, W.H.O. Consultant Ento- 
mologist, was invited to Saudi Arabia to compare 
our field reports on stephensi resistance with re- 
ports of other anopheline resistance (t.e., sun- 
daicus) in the Far East. Working with Dr. R. L. 
Peffly, Aramco’s Entomologist, median lethal 
concentrations for DDT, dieldrin, gamma BHC, 
and aldrin were determined by the modified 
Busvine-Nash technique as recommended by 
W.H.O. Comparisons were made in November- 
December, 1955, between stephenst collected from 
a garden area at ‘Ain-al-Saih which had never 
been subjected to DDT residual sprays, and from 
al-Mutairifi in the al-Hasa oasis where DDT 
applications were first applied in 1949. 

These results, first summarized by Davidson 
(1955a) in a restricted W.H.O. report (later 
reviewed by Busvine, 1956 and 1957 and by 
Davidson, 1958), showed a 10-fold resistance in 
stephenst from an al-Hasa treated area when 
compared with stephensi from untreated ’Ain-al- 
Saih near Dhahran. This, then, was the final piece 
of evidence needed to confirm the existence of 
DDT-resistance in Anopheles stephensi in Saudi 
Arabia. No evidence for dieldrin resistance was 
found at this time. 
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More recent tests for dieldrin resistance re- 
peated in 1957 and early 1958 have shown no 
significant changes for stephensit. However, some 
evidence is appearing to indicate dieldrin resist- 
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ance in Anopheles pulcherrimus and in A. coustani 
var. tenebrosus. Details of these observations are 
to be published shortly by Dr. R. L. Peffly 
(1959). 


PART VII. FUTURE MALARIA CONTROL IN THE EASTERN PROVINCE 


The problems in future malaria control raised 
by our experience with DDT resistance are many 
and varied. If dieldrin resistance develops, it 
may be necessary to forego dependence on resid- 
ual and re-emphasize the more 
classical methods of malaria control through 
environmental sanitation and water management. 
The use of newer drugs, particularly in combina- 
tion with residual insecticides, may prove of 
great future importance. Greater emphasis on 
mechanical controls with screening and use of 
bed nets, on the use of natural enemies such as 
larvivorous fish, on drainage both for improved 
agriculture as well as mosquito control, and on 
intensified programs for malaria education of the 
public, all these must be currently reviewed in 
light of potential insecticide-resistance problems. 


insecticides 


RESIDUAL Sprays VERSUS LARVICIDING 


Although we have no evidence of resistance to 
dieldrin developing in stephensi at present, the 
danger that local stephensi may develop resistance 
to this insecticide is of great practical importance 
locally. Substitution of a larvicidal campaign 
throughout the entire oasis would be much more 
expensive than residual sprays and much more 
difficult to administer effectively. The enormous 
number and variety of breeding areas, the tem- 
porary and changing nature of many of them, and 
the wide areas to cover (many not readily acces- 
sible by road) with larviciding crews will make 
this a difficult and expensive operation. 

Restricted larviciding, however, has a definite 
place in our malaria control measures, particu- 
larly in those villages which are not adjacent to, 
nor surrounded by, extensive irrigated areas. In 
these towns and villages, breeding areas are often 


restricted and very localized. Removing them by 


permanent control measures or placing them on a 
larviciding schedule will be much more econom- 
ical than including the entire city or town in a 
residual-spray program 


IRRIGATION AND WATER MANAGEMENT 


More attention to efficient construction and 
maintenance of irrigation systems is needed to 
reduce mosquito breeding areas, particularly 
seepage areas. Unnecessary ditches should be 
filled and reconstruction of irrigation systems 
along more modern lines should be attempted. In 
particular, stricter enforcement on proper con- 
struction of artesian wells must be instituted. 
The many uncapped, constantly-flowing artesian 
wells not only waste a valuable natural resource 
but contribute to an increased malaria hazard as 
well. These should be repaired and the hazard 
corrected. 

Proper maintenance of irrigation canals and 
drains is especially important. Seepage areas 
should be prevented and corrected if they do 
occur. Drains should be kept free-flowing, stag- 
nation should be prevented, and channels kept 
free of vegetation which would provide shelter 
for larvae and inhibit efficiency of fish predators. 


DRAINAGE 


The extensive areas of water-logged land, with 
resultant detrimental effect on agricultural pro- 
ductiveness as well as on health, should be care- 
fully studied. Knapp (1955) has recently reviewed 
the possibilities of agricultural drainage and its 
potential benefits in the Qatif oasis. Every effort 
should be made to encourage this drainage 
scheme for its malaria control advantages as well 
as for general improvement in agricultural pro- 
ductivity. Even minor drainage attempts by 
individual landholders throughout the 
would remove many smaller areas of mosquito 
breeding and provide additional productive 
agricultural land. 


oases 


FILLING 


Many small anopheline breeding areas, par- 
ticularly in and around villages, can be perma- 
nently removed by filling. Borrow pits, for 
example, can be utilized as sanitary land fills 
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by adjoining villages. Need for new borrowing 
should be regulated and care taken not to go 
below winter ground-water level. Abandoned 
shallow wells and nonfunctioning ditches can be 
filled. Shallow ponds and smaller seepages can be 
permanently eliminated as malaria hazards by 
this method. 


INTRODUCTION OF LaARVIVOROUS FiIsH 


Greater use of larvivorous fish is indicated 
especially in isolated wells and ponds, in the new 
irrigation systems in newly developed gardens, 
and in isolated smaller oases. A native cyprino- 
dont, Aphanias (Lebias) dispar Riippell, is found 
very commonly in local irrigation systems both 
along the coast, on Bahrain Island, and at al- 
Hasa. The writer introduced this hardy species 
successfully in the al-Kharj area in the Najd in 
1948. Wherever this fish occurs, it is an efficient 
predator on anopheline larvae; but its effective- 
ness is decreased where emergent vegetation and 
algal mats furnish protection to mosquito larvae. 
Hence, clearance of drains, irrigation channels, 
and wells is important for maximum effectiveness. 

Gambusia affinis was brought in from Egypt 
by the writer some years ago. Colonies of this 
mosquito fish have been established in the Qatif 
area, and many additional plantings have been 
made. This species was introduced successfully 
in some of the larger wells and ponds in the 
Yabrin oasis in 1950. The same restrictions re- 
ferred to above are applicable to Gambusia as far 
as effective larval control is concerned. 


HeattH Epvucation 


Increased emphasis on malaria education will 
be even more essential for effective malaria con- 
trol if residual-spray treatments are replaced by 
other measures or if malaria eradication becomes 
our objective. With residual-spray treatments, 
all that was necessary was to obtain cooperation 
of the villagers in allowing their premises to be 
sprayed. With eradication or with other control 
measures contemplated, intelligent participation, 
understanding, and cooperation of individual 
villagers in control and eradication efforts will 
be essential. 

We have already taken steps to increase aware- 
ness of this fact in our malaria education pro- 
grams. A 20-minute, 16-mm color, motion pic- 
ture film entitled “The Battle Against Malaria” 
has been produced locally as part of the present 
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study on oasis malaria. An illustrated pamphlet 
(“Malaria Control’’), a film strip, and a series of 
eight colored posters (22” x 29”) all in Arabic, 
have been developed during the course of this 
study as additional educational tools for inform- 
ing the public. These materials are used not only 
in the Company’s health education efforts with 
employees, but also in similar activities in the 
public schools in both oases. They are also made 
available to the Ministry of Health. More re- 
cently, the film, along with other special programs 
on malaria, has been broadcast in Arabic over 
the Company’s new television station. Similar 
programs will be repeated from time to time, 
especially during the periods preceding maxi- 
mum transmission seasons. All of these efforts 
are evidence of the important role we feel health 
education can play in promoting future malaria 
control or attempts at malaria eradication. 


MALARIA ERADICATION VERSUS MALARIA CONTROL 


With our local evidence of increased efficiency 
of dieldrin over DDT, it appears possible to aim 
for malaria eradication in our oases rather than 
only for malaria control. Our 1957 morbidity 
experience, together with November, 1957, 
parasite surveys, are particularly encouraging in 
this regard. Only 54 cases of malaria (42/10,000) 
occurred in Aramco employees in 1957. Of these, 
48 (88.9%) were due to vivar and 1 (1.9%) to 
malariae infections. Only five falciparum infec- 
tions (9.2%) occurred during the entire year. A 
parallel situation has already been reported for 
our November, 1957, village surveys, both in 
parasite rates (5.8%) for the 2-l4-year age 
group and the zero infant parasite rates. The pre- 
dominance of vivar (88.9%) in Aramco-employee 
infections and malariae in village surveys (57.1%) 
indicates that most of the currently reported 
cases are probably relapses rather than new in- 
fections. Most of these older infections show a 
light parasitemia’; hence infection of potential 
vectors is becoming increasingly more difficult. 
All this evidence points to future success if 
eradication efforts are properly organized and 
carried out. 


5 Of the 56 positive blood films among 1,058 ex- 
amined in village surveys during November 1957, 
only three were noted as having ‘‘many’”’ parasites; 
five were marked ‘few parasites found;”’ and in 
48 cases, parasites were recorded as ‘‘rare.’’ In 
only two of the 56 were gametocytes noted. 
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If subsequent infant parasite rates and autoch- 
thonous morbidity rates continue to show that 
transmission has almost ceased, then the impor- 
tance of immigrants, small undiscovered foci of 
transmission, and possible remaining carriers 
must be especially considered in an eradication 
campaign. 

Immigrants coming into the Eastern Province 
will be a most important problem in malaria 
eradication attempts as well as in maintaining 
the Province malaria-free if eradication is suc- 
cessful. The Arabian American Oil Company 
attracts large numbers of prospective employees 
from all parts of the Kingdom, as well as from 
other malarious areas in India, Pakistan, Trucial 
Oman, Muscat, Yemen, Syria, Lebanon, Somali- 
land, Sudan and others. Other developing indus- 
trial organizations utilize such potentially in- 
fected immigrants on a smaller scale. Fortunately, 
for the moment at least, these individuals are 
settling in the least malarious locations and in 
areas where intensive control measures can be 
most easily carried out. But these industrial 
immigrants, if they come from malarious areas, 
will remain a potential threat to eradication 
efforts unless adequate steps are taken to meet 
this hazard. In such controlled groups, it may be 
possible to institute routine drug treatment to 
prevent reintroduction of malaria through use of 
a single dose of 0.6 g chloroquine base with 50 mg 
of pyrimethamine as suggested by Macdonald 
(1957). 

The migrations of local Bedouin tribes may 
also affect future malaria eradication efforts in 
the Qatif and al-Hasa oases. For the most part, 
Bedouins are not exposed to massive malaria 
infection. But, in their migrations it is possible 
for some individuals to contract malaria in small 
uncontrolled oases elsewhere in Saudi Arabia and 
later infect vector mosquitoes in either al-Hasa 
or Qatif on subsequent visits. Although this will 
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probably be an uncommon source of reinfection 
of mosquitoes, it will be a most difficult one to 
control adequately. 

The well-known Moslem pilgrimage will also 
tend to draw more temporary immigrants than 
ever before through the Eastern Province to 
pilgrimage centers in Mecca and Medina. With 
the completion of more modern sea and airport 
facilities and extension of the present Dammam- 
Riyadh railroad to Medina and Mecca, local 
pilgrim traffic with its potential malaria hazards 
will increase. Thus a greater number of pilgrims 
(and possible carriers) from Iraq, Iran, Pakistan, 
Afghanistan, and Bahrain may pass through 
our oases and continue to infect local anophelines 
unless special provision is made to prevent this 
occurrence. The implications of the pilgrimage on 
Kingdom-wide malaria eradication attempts have 
already been discussed by Farid (1956). Special 
care should be taken to make Dammam (the 
major port of the Eastern Province and present 
rail-head) anopheline-free; so there is no danger 
of parasite reintroduction in this sensitive area. 
Al-Khobar should also be included in an intensive 
mosquito control campaign because of its nearness 
to the major airport of the Province. 

In spite of obvious difficulties and need for 
careful, long-term planning, the goal of malaria 
eradication in the Qatif and al-Hasa oases seems 
to be a practical one at the moment. Detailed 
epidemiological information is now at hand on 
which to base such a program, international 
funds are available to countries planning for 
eradication, and the benefits of such a campaign 
for eradication should be obvious to all. With 
respect to malaria eradication in the Eastern 
Province, we can agree with Russell (1956) in 
the statement: ‘Whereas formerly many com- 
munities could not afford to control malaria now 
they cannot afford nor to eradicate it.” 


SUMMARY 


1. Malaria has been an important health prob- 
lem in the Qatif and al-Hasa oasis for centuries. 
The disease is sharply delimited to cultivated 
areas in the Eastern Province and affects the 
settled oasis population (310,000). The nomadic 
Bedouins are normally free of the disease. 

2. Oasis malaria is man-made malaria and is 


directly connected with the local practice of 
agriculture. Local irrigation methods and drain- 
age schemes furnish vector breeding places; 
hence malariousness of villages is directly depend- 
ent on their nearness to, and extent of, adjacent 
irrigated acreage. 

3. Uncontrolled malaria may reach hyperen- 
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demic proportions. As such, it represents a major 
potential cause of morbidity and a ranking cause 
of mortality in the oases. Both industry and 
agriculture suffer when the disease is uncon- 
trolled; and if these activities are to continue to 
prosper, adequate provision for malaria control 
must be made. 

4. Precontrol morbidity (1941 through 1947) 
in adults was measured by cases reported in 
Saudi Arab employees of the Arabian American 
Oil Company. Annual attack rates varied from 
slightly over 1,000/10,000 in less malarious years 
to 2,300/10,000 in more malarious years. The 
mean annual morbidity rate in this group of 
adults was 1,631/10,000 during precontrol years. 

5. Precontrol mortality (1941 through 1947) 
averaged 22/100,000 in the above employee group 
(only eight employee deaths). With 43 malaria 
deaths of patients from the general population 
occurring in Aramco hospitals during this same 
period, a proportionate mortality rate of 11.6 
per cent was recorded. This rate was calculated 
from total deaths reported on death certificates in 
Saudi Arab employees, their dependents, and 
other non-Aramco members of the general public. 

6. Precontrol malaria surveys (1947) in typical 
oasis villages in the Qatif area showed an average 
parasite rate (2-14-year age group) of 85 per cent. 
The infant parasite rate was 100 per cent. The 
gametocyte rate in the 0-1l-month age group 
was 27 per cent; in the 12—23-month group, 24%; 
and for the 2-14-year composite, 13%. A com- 
parable spleen rate in the 2-14-year age group 
was 94 per cent. Spleen rates increased with age; 
the reverse was true of parasite rates. The 
average spleen size was 2.2, average enlarged 
spleen was 2.3, and splenometric index was 217.1 
in the 2-14-year age group. These data emphasize 
the public health importance of malaria in these 
oases. 

7. Faleciparum malaria was predominant over 
and malariae, both in available adult 
morbidity data and in village parasite surveys of 
children. From original Qatif surveys in typical 
oasis villages, the 85 per cent parasite rate con- 
sisted of falciparum, 35.5 per cent; vivax, 27.4 
per cent; malariae, 14.2 per cent; species undeter- 
mined, 1.2 per cent; and mixed infections, 6.6 
per cent. The same general proportionate species 
distribution occurred among employee cases when 
species determinations were available. In earlier 
years, a majority of cases reporting to hospitals 
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was determined as clinical malaria without refer- 
ence to species of parasite. 

8. The following anophelines occur in the area: 
A. stephensi, fluviatilis, pulcherrimus, sergenti, 
multicolor, and coustani var. tenebrosus. Of these 
stephensi is the only important vector; fluviatilis 
may be of secondary importance, but its role in 
local malaria transmission is unknown. 

9. The local vector, Anopheles stephensi, is 
present in enormous numbers especially during 
spring and fall transmission seasons. It rests in 
man-made shelters during the day and is active 
in feeding only after sunset. Blood meal sources 
include a variety of warmblooded animals; but 
on the basis of limited precipitin test data, man is 
not the favored host. Stephensi accounts for 90.6 
per cent of anophelines found in houses and for 
79.3 per cent of anophelines recoverd from light- 
trap collections. The New Jersey electric mos- 
quito trap has proved useful in local anopheline 
surveys. 

10. Stephensi utilizes a wide variety of surface 
waters for breeding places. Among the more 
important are drainage ditches, seepage areas, 
ponds, shallow wells, borrow pits, and shallow 
puddles. Rice fields do not add appreciably to the 
local malaria problem. Artificial containers are of 
no local importance as stephensi breeding sites. 
High degrees of salinity and even some degree 
of pollution are not deterrents to breeding. 

11. Local climate is characterized by extremely 
hot summers and temperate winters, with oppres- 
sively high humidity in late summer and early 
fall. Weather data from Aramco’s Ras Tanura 
weather station were used in studying effects of 
climate on seasonal distribution of malaria and 
on vector densities. Mean weekly and monthly 
temperatures (1945-1956), mean weekly and 
monthly relative humidities (RH) based on 0900 
readings (1945-1949), and on daily means (1949- 
1956) were calculated. Monthly rainfall data are 
available from 1945-1956. The average annual 
rainfall is 3.23 inches, occurring sporadically 
from November through May, with December 
having the highest average monthly rainfall (1.14 
inches). Mean monthly temperatures for the 
12-year period (1945-1956) ranged from a low 
of 60.7°F in January to highs of 92.5°F in 
July and August. Mean monthly RH based on 
0900 readings (1945-1949) ranged from a low 
of 50.1 per cent in August to a high of 78.4 per 
cent in December. When calculated from daily 
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means (1949-1956), mean RH ranged from a low 
of 53.8 per cent in June to a high of 73.3 per cent 
in February. With wide daily fluctuations in 
humidity, 0900 readings and subsequent calcula- 
tions from them gave a more orderly seasonal 
progression and recession in RH. Hence the 
latter are recommended for any future analysis 
of RH. 

12. Winter temperatures are low enough to 
inhibit, but not severe enough to stop, stephensi 
breeding. Spring and fall provide ideal conditions 
for development of maximal seasonal population 
densities. April and October are peak months. 
The hot, dry summer is the most critical period 
in the seasonal life cycle of the vector, and lowest 
populations of the year are thus found from June 
through September. More favorable micro- 
climates play an important role in protection 
from unfavorable extremes of temperature and 
humidity during this critical summer period. 

13. Malaria morbidity occurs in a characteristic 
seasonal cycle with peak rates in spring (May) 
and fall (November). Hot summer months usually 
show lower malaria morbidity rates than do 
winter months. This seasonal distribution is 
controlled largely by temperature variations, 


with RH playing an important secondary role in 
summer and early fall. These combinations of 
temperature and humidity affect total vector 
population, individual vector longevity, infectiv- 
ity of vector, development of parasite in the mos- 


quito host, and seasonal behavior patterns in the 
human host. Rainfall is of little or no significance 
in seasonal distribution of local malaria. 

14. Optimum malaria transmission occurs in 
October when mean monthly temperatures of 
82° F and mean RH of 65 per cent or above 
occur. This represents an optimum temperature 
for the extrinsic incubation period of the parasite, 
and this temperature-humidity combination also 
favors vector longevity. Preceding optimal vector 
temperatures (90° F) have allowed maximum 
vector densities to be attained earlier. This 
results in a maximum transmission potential in 
October with maximal morbidity following in 
November. Cooler temperatures inhibit trans- 
mission, and reduced morbidity occurs during the 
winter months. 

In spring, optimum temperatures are reached 
in late April and early May with favorable 
humidity declining to unfavorable levels before 
optimal vector developmental temperatures are 
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reached. Hence, spring vector densities do not 
reach full potential as they do in the fall. As a 
result of this onset of hot, dry conditions, the 
spring malaria season is shorter and morbidity is 
less than in the fall. Unfavorable humidity 
(below 60% RH) along with increasing unfavor- 
able temperatures decreases vector longevity, 
and transmission is cut sharply in June. Low 
midsummer morbidity follows, until a combina- 
tion of optimum temperatures and favorable 
humidities reappear causing a sudden rise in 
transmission in October and peak morbidity in 
November to complete the seasonal cycle. 

15. A standard seasonal pattern of malaria 
morbidity based on average temperature-humid- 
ity conditions is presented. Variations from this 
standard morbidity pattern can be predicted on 
the basis of preceding months’ variations from 
average temperatures and RH. This is of poten- 
tial practical importance in advance planning 
for treatment of cases if control measures are 
discontinued and seasonal epidemics reoccur. 
Thus, November will be more malarious than 
usual if October mean humidities are above the 
normal 65 per cent and approach 70 per cent or 
higher. If October temperatures remain abnor- 
mally high, the fall peak in morbidity may be 
delayed until December. In spring, if May RH 
remain favorable (60% RH or above) instead of 
beginning their normal decline toward early 
summer lows, a higher-than-normal June morbid- 
ity rate may be expected. 

16. Residual sprays alone can control local 
malaria effectively. Annual applications of 200 
to 250 mg/sq ft of DDT beginning in 1948 gave 
adequate malaria control until late 1953 when 
development of DDT resistance became appar- 
ent. This resistance prevented adequate malaria 
control in 1954 and 1955. Dieldrin replaced DDT 
as the insecticide of choice in 1955. Annual 
applications have since proved dieldrin more 
effective than DDT had ever been in reducing 
malaria morbidity. For best results, residual 
applications should be completed in September 
so that the insecticide deposit will be at maximum 
strength and effectiveness during the peak 
October transmission season. Any delays in 
application after this date will be reflected in 
higher morbidity rates in November and Decem- 
ber. Such precise timing may be less important 
with longer-lasting dieldrin (over 12 months) but 
should be continued wherever possible. September 
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applications will insure treatment of all new 
dwellings or those missed the previous year before 
October transmission season begins. 

17. DDT resistance became apparent in late 
1953, five years after the first DDT application. 
Malariometric evidence, field vector observations, 
and laboratory confirmation are all offered in 
support of this resistance development. Novem- 
ber morbidity rates rose to over 310/10,000 in 
the fall of 1953 and 1954; while in earlier years of 
successful DDT control, November rates ranged 
from 19 to 62/10,000. Infant parasite rates in 
experimental villages (al-Ajam and Safwa) during 
this same period rose from 0 per cent to 31.3 per 
cent in 1954. Parasite rates in these villages, vary- 
ing from 1.0 per cent to 14.4 per cent in control 
years, increased to 44.9 per cent in 1954. 

18. Entomological evidence from the field 
showed progressively shorter intervals in return 
of stephensi to DDT-treated shelters. After the 
initial 1948 application, about 12 months elapsed 
before stephensi were first collected on sprayed 
surfaces; and then in much reduced numbers 
compared to untreated checks. After a second 
application, a 5-month interval was noted; and 
by 1954, only 2 months elapsed. Unfortunately, 
24-hour mortalities were not observed in these 
checks. 

19. Laboratory determination of median lethal 
concentrations for stephensi from areas where 
DDT had been first used 5 and 6 years previously 
showed a 10-fold resistance to DDT had devel- 
oped. This was taken as final confirmation that 
DDT resistance had occurred to an extent that 
DDT was failing to give adequate malaria con- 
trol. 

20. Dieldrin applied at a dosage of 50 to 70 
mg/sq ft has successfully replaced DDT in local 
malaria-control campaigns. It is a more effective 
residual insecticide as shown by reduction of 
morbidity and parasite rates to the lowest levels 
since control programs were instituted. 

21. Success of the residual-spray technique 
alone in controlling malaria is shown by compari- 
son of the precontrol morbidity mean of 1,631/ 
10,000 in Aramco Saudi Arab employees (1941- 
1947) with the 1958 annual rate of 28.5/10,000. 
A maximum precontrol rate of 2,317/10,000 was 
recorded in 1943. In village surveys, infant para- 
site rates in both oases dropped from 100 per cent 
in 1947-48 to 0 per cent in 1957. Overall parasite 
rates (2-14-year age group) in the Qatif oasis 
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dropped from 85 per cent to 6.4 per cent. Most 
of the recent clinical and parasite relapses are 
vivax (Aramco employees) or malariae (village 
children) infections. This indicates the possibility 
that relapses rather than new infections are 
responsible for most of those cases currently being 
seen. Overall spleen rates in the Qatif oasis 
(2-14-year) age group declined from 94 per cent 
to 3.8 per cent; average spleen size from 2.2 to 
0.05; average enlarged spleen from 2.3 to 1.4 and 
splenometric index from 217.1 to 5.3. Thus, the 
residual-spray technique alone (with dieldrin as 
the insecticide) can adequately control malaria; 
and may be able to eradicate the disease in these 
oases if dieldrin resistance does not develop. 

22. Potential dieldrin resistance makes it im- 
perative to review application of classical malaria- 
control techniques to our local malaria problem. 
Larviciding presents problems of labor, adminis- 
trative control, and increased costs. Improve- 
ments in water-management techniques offer 
the greatest field for mosquito-malaria-control 
efforts. More efficient construction, maintenance, 
and repair are needed for irrigation channels and 
drains to prevent surface water accumulations. 
Proper construction and valve control of artesian 
wells should be enforced. Drains should be kept 
free of vegetation and water free-flowing. 

23. A general scheme for agricultural drainage 
already proposed should be expedited for malaria 
control as well as for increased agricultural pro- 
ductivity. Ponds and swamps should be drained 
and general ground-water levels lowered. Smaller 
breeding areas such as abandoned ditches, shallow 
wells, and borrow pits should be filled. Larvivor- 
ous fish should be introduced wherever practic- 
able. 

24. Individual understanding and participation 
in control efforts through health education should 
be expanded. A locally-produced film and film- 
strip, posters, brochures, and school lesson plans 
have been made available for such programs. A 
recently inaugurated, local, television program is 
already being used to help meet these health 
education objectives. 


25. Malaria eradication is a practical and 
economically desirable goal if the above control 
measures are fully implemented. Our most recent 
morbidity data and parasite surveys (1958) en- 
courage this attempt. Special care in surveillance, 
reporting and investigating of individual cases 
will become of increased importance with con- 
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tinued influx of industrial immigrants. Pilgrims 
will also make increasing use of newly developing 
seaports, airports, and cross-country railways of 
the area for the Mecca pilgrimage. Movements of 
Bedouins from uncontrolled areas into the eradi- 
cation zone will also present problems. In spite 
of obvious difficulties and need for careful, long- 
term planning and financing, malaria eradication 
is recommended as an ultimate achievable goal. 
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